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PREFACE 

THIS  little  book  is  intended  not  so  much  for  the 
student  of  psychology  as  for  the  ordinary  man.  It 
is  true  it  has  been  written  partly  with  the  purpose 
of  meeting  the  needs  of  W.E.A.  classes  and  courses  for 
social  study,  such  as  the  classes  the  writer  has  himself  had 
experience  of  teaching  in  Edinburgh.  But,  while  the  needs 
of  such  readers  have  been  kept  in  view  throughout,  an 
attempt  has  also  been  made  to  present  the  matter  in  a  way 
that  would  interest  and  assist  the  intelligent  man  in  the  street 
who  desires  to  know  something  of  what  has  been  done  by  the 
psychologist  in  this  new  field.  Much  psychological  acti\dty 
has  been  recently  manifested  in  this  field  of  industry  and 
commerce,  and  it  has  indeed  become  imperative  that  the 
results  should  be  known  to  a  wider  public.  That  may  be 
taken  as  the  main  object  of  the  present  work. 

There  are  several  books  in  existence,  especially  by  American 
writers,  which  profess  the  same  object.  Nevertheless  there 
seems  to  be  room  for  a  book  adhering  more  to  the  psycho- 
logical point  of  view,  and  emphasizing  principles  rather  than 
details  of  results  to  a  greater  extent  than  most  of  the  existing 
books.  In  the  works  of  the  scientific-management  engineers, 
while  there  is  much  lip  service  to  psychology,  the  psychology 
itself  is  with  difficulty  recognizable  by  the  professed  psycholo- 
gist. Even  in  the  works  of  psychologists  there  is  a  marked 
tendency  to  stress  results,  and  to  overlay  the  discussion  with 
so  many  illustrations  drawn  from  practical  life,  that  the 
general  lines  of  the  underlying  psychology  are  apt  to  be 
obscured.  It  is  all  the  more  necessary  to  present  the 
psychology  as  a  definite  and  more  or  less  coherent  system 
because  of  the  fact  that  the  ordinary  man  has  a  somewhat 
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distorted  view  regarding  the  nature  of  the  science.  The  writer 
on  a  recent  occasion  lectured  in  a  Scottish  manufacturing 
town  on  some  of  the  developments  of  applied  psychology, 
and  learned  afterwards  that  one  of  the  criticisms  passed  on 
the  lecture  by  an  intelligent  working  man  was  that  "  it  was 
not  psychology,  but  common  sense."  Such  a  criticism 
encourages  the  writer  in  believing  that  a  clear  exposition 
of  the  applied  psychology  of  industry  and  commerce  will 
appeal  to  the  practical  man  as  at  bottom  "  common  sense." 

Another  recent  conversation  with  a  working  man,  that 
deeply  impressed  the  writer,  was  with  an  intelligent  miner. 
a  travelling  companion  in  a  railway  carriage.  He  began 
from  the  position  that  it  was  our  scientists  who  had  enabled 
us  to  win  the  war,  and  he  developed  a  line  or  argument  practi- 
cally identical  with  that  in  Chapters  H  and  HI  of  the  present 
work.  It  seemed  to  the  writer  that  the  refutation  of  the  state- 
ment that  the  working  man  was  hostile  to  the  application  of 
psychology  in  industry  was  as  complete  as  it  well  could  be. 
The  working  man  is  naturally  hostile  to  what  he  considers 
exploitation  at  the  hands  of  the  capitalist,  but  an  honest 
investigation  of  the  facts,  and  a  courageous  following  in 
practice  of  the  conclusions  to  which  such  an  investigation 
leads,  will  always  have  the  strongest  kind  of  appeal  for  him. 

It  is  incumbent  on  the  psychologist  discussing  industrial 
problems  to  observe  scrupulously  the  frontiers  of  his  science. 
As  a  psychologist  he  is  concerned  with  facts,  and  is  strictly 
impartial  towards  the  claims  of  capital  and  labour,  so  far  as 
these  involve  questions  of  policy  and  rights.  Of  course  even 
the  psychologist  may  express  an  opinion  on  policy — will 
almost  certainly  be  led  to  do  so  by  his  study  of  the  facts — 
but  he  must  make  it  quite  clear  that  in  doing  so  he  is  no  longer 
speaking  as  a  psychologist,  but  as  a  social  philosopher  or  a 
citizen.  It  is  a  profound  error  for  the  psychologist  to  put 
forward  as  a  psychological  principle  what  is  ethics,  or  politics, 
or  social  philosophy,  or  even  religion.  First,  last,  and  always, 
the  duty  of  the  psychologist  is  to  study  his  facts,  and  to  formu- 
late the  laws    expressing    the    causal    sequence  and  inter- 
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dependence  of  these  facts.  At  that  point  his  duty  as  a 
psychologist  ends  ;  if  he  goes  further  he  must  speak  as  a 
pohtical  or  social  philosopher,  or  reformer^  not  as  a  psycholo- 
gist. 

The  author  desires  specially  to  acknowledge  his  indebted- 
ness for  underlying  principles  to  Professor  McDougall,  and 
for  illustrations  to  Miinsterberg,  Hollingworth,  Muscio,  and 
Myers, 

J.    D. 

University  of  Edinburgh 
January,  192 1 
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THE 
PSYCHOLOGY  OF   INDUSTRY 


CHAPTER   I 
INTRODUCTION 

THE  most  striking  characteristic  of  the  history  of  the 
last  century  is  the  great  progress  made  by  science, 
and  the  marvellous  changes  effected  on  social  and 
industrial  life,  as  a  consequence  direct  or  indirect  of  this 
progress.  If  we  may  specify  at  all,  we  may  say  that  there  are 
two  spheres  of  human  activity  in  particular  in  which 
these  changes  are  specially  noticeable — the  practice  of  medi- 
cine and  the  manufacture  of  commodities.  But  it  is  also 
a  notable  fact  that  the  most  important  element  in  all  human 
activity,  the  human  element  itself — human  nature,  to  use  the 
popular  phrase — is  precisely  the  element  which  has  until 
recently  been  most  neglected  in  the  advance  of  science  and 
appHed  science,  and  especially  in  both  these  spheres.  Let  us 
limit  our  view  to  industrial  and  commercial  life.  At  every 
point  in  the  manufacture,  handling,  and  transportation  of 
goods,  we  can  see  the  results  of  applied  science  ;  similarly  in 
the  market,  the  shop,  the  office,  inventions  which  facilitate 
economically  important  processes  meet  the  eye  on  every  side. 
Science  does  not  stop  at  the  concrete  and  the  material.  There 
is  a  science  which  investigates  the  laws  of  the  production, 
distribution,  and  exchange  of  commodities — the  science  of 
economics — and  the  principles  of  that  science  are  also  in  a 
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measure  recognized  and  consciously  applied  in  modern 
commercial  and  industrial  life.  Yet,  it  must  be  repeated, 
the  most  important  factor  of  all  is  the  factor  which  has  hitherto 
been  most  neglected  in  the  application  of  science  to  modern 
life — ^the  factor  studied  by  the  science  of  psychology. 

A  recent  writer  has  remarked,  somewhat  paradoxically, 
,  that  psychology  is  a  very  old  science,  but  it  has  a  very  short 
'history.  Like  most  paradoxes  the  statement  contains  only 
that  bit  of  truth  it  is  intended  to  call  attention  to.  As  a 
science  in  the  strict  sense,  psychology  is  not  old.  The 
earliest  systems  of  thought,  the  germ  from  which  have 
developed  modern  science  and  modern  philosophy,  may  be 
said  to  have  been  reared  under  the  influence  of  two  main 
motives  :  (i)  the  desire  to  gain  control  over  natural  processes, 
in  order  to  satisfy  needs  and  attain  ends,  and  (2)  a  restless 
craving  to  penetrate  into  the  secrets  of  the  universe  for  the 
mere  satisfaction  of  knowing  and  understanding.  The 
second  motive  would  naturally  be  characteristic  only  of  a 
few  individuals  in  any  community.  These  became  the 
philosophers  of  the  early  civilization.  While  the  science  of 
the  practical  man,  motived  by  the  first  of  these  motives,  was 
in  embryo,  imposing  systems  of  speculative  philosophy  were 
built  up. 

We  may  take  this  to  be  the  radical  distinction  between 
speculative  philosophy  and  science :  that  the  final  court  of 
appeal  for  science  is  the  world  of  fact  and  practical  applica- 
bility to  the  world  of  fact,  that  it  studies  actual  happenings 
with  a  perfectly  neutral  or  open  mind,  allowing  the  facts 
themselves  to  suggest  and  to  test  the  theories  by  which  an 
attempt  is  made  to  present  them  in  orderly  sequence  and 
mutual  interdependence ;  while,  on  the  other  hand,  the  final 
court  of  appeal  for  speculative  philosophy  is  the  rational, 
and  it  applies  its  theories  to  the  world  of  fact  with  the  pre- 
supposition that  this  world  is  a  rational  world.  Under  the 
conditions  of  primitive  life  the  practical  motive  and  the 
practical  criteria  would  obviously  not  carry  men  very  far  in 
the  direction  of  scientific  knowledge.     Hence,  as  we  have 
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seen,  at  the  beginning  speculative  philosophy  got  a  long  start 
of  positive  science. 

Now  from  very  early  times  speculative  philosophy  has  been 
greatly  interested  in  that  very  group  of  phenomena  which 
constitutes  the  special  province  of  the  science  of  psychology 
as  we  understand  it.  Thoughts,  feelings,  desires,  emotions, 
were  looked  upon  as  manifestations  of  the  mind  or  soul,  a 
substance  quite  distinct  from  the  matter  of  which  external 
bodies  consisted.  Many  of  the  deepest  and  most  momentous 
problems  were  raised  by  the  relation  of  this  mind  and  this 
matter  to  one  another.  Hence  one  of  the  chief  interests  of 
philosophers  came  to  be  to  interpret  both  in  such  a  way  as 
to  satisfy  the  demands  of  the  human  reason,  on  the  one  hand, 
and  the  needs  of  the  human  spirit,  on  the  other.  Thus 
was  created  the  atmosphere  in  which  the  "  old  "  psychology 
came  into  being.  It  was  characteristic  of  this  "  old  " 
psychology  that  it  was  either  deduced  from  the  supposed 
nature  of  the  mind  or  soul,  or  it  was  formed  by  the  observa- 
tion and  selection  of  those  facts  of  experience  and  conscious- 
ness which  seemed  to  support  a  certain  view  of  the  nature 
of  the  mind  or  soul,  or  it  was  reached  partly  in  the  one  way, 
partly  in  the  other.  In  any  case  the  "  old  "  psychology  could 
not  in  strictness  be  described  as  a  science.  It  was  the  battle- 
ground of  contending  philosophical  systems.  The  truths 
generally  accepted  as  established  principles  were  submerged 
in  the  vast  mass  of  controversial  matter,  in  regard  to  M^hich 
some  held  one  opinion,  some  another,  according  to  the  philo- 
sophical views  which  required  to  be  supported.  As  a  result 
the  interminable  disputes  obscured  the  very  real  advances  in 
psychological  knowledge  that  were  made.  Such  was,  without 
any  exaggeration,  the  position  of  psychology  from  the  time 
of  Plato  and  Aristotle,  or  even  earlier,  till  the  eighteenth  or 
nineteenth  century.  As  a  science  it  had  practically  no  history 
during  that  period. 

In  the  meantime  very  important  events  were  taking  place 
in  the  domain  of  positive  science.  As  civilization  developed 
life  became  more  and  more  complex.    As  life  became  more 
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complex  its  practical  needs  multiplied.  Under  the  stimulus 
of  these  needs  knowledge  of,  and  control  over,  natural  pheno- 
mena rapidly  extended.  This  is  not  the  place  to  trace  in 
detail  the  development  of  positive  science.  Suffice  it  to  say 
that  the  application  of  the  method  of  science  led  to  triumphs 
in  one  field  after  another.  It  was  inevitable  that  sooner  or 
later  the  method  of  science  would  be  applied  in  the  field  of 
psychology  also,  and  indeed  to  every  problem  where  the  con- 
clusions of  philosophy  come  into  contact  with  the  world  of 
fact.  It  is  the  application  of  the  method  of  science  in  the 
field  of  mental  phenomena  that  has  given  us  the  modern 
science  of  psychology — the  so-called  "  new  "  psychology. 

It  is  perhaps  worth  while  indicating  briefly  what  the  change 
from  the  "  old  "  psychology  to  the  "  new  "  really  amounts  to. 
This  is  best  done  by  taking  the  definition  of  the  science  from 
the  respective  points  of  view.  The  "  old "  definition  of 
psychology  was  "  the  science  of  the  mind  or  soul",  or  "  the 
science  of  mental  or  conscious  processes".  The  "new" 
definition  of  psychology  is  "  the  science  of  the  facts  of  human 
nature  and  human  behaviour  ",  or  "  the  science  of  human 
behaviour  in  its  relation  to,  and  dependence  upon,  mental 
process".  There  is  indeed  a  strong  body  of  opinion  among 
present-day  psychologists  in  favour  of  defining  psychology 
simply  in  terms  of  behaviour.  In  any  case  the  tendency  is 
always  to  lay  stress  upon  the  actual  facts  studied,  and  by 
preference  the  objective  facts.  The  "  new "  psychologist 
rightly  holds  that  to  define  his  science  in  terms  of  mind  or 
soul  is  to  define  it  in  terms  not  of  facts,  but  of  an  inference 
from  facts  which  might  be  challenged,  and  is  therefore  entirely 
illegitimate. 

This  "  new  "  psychology  really  made  a  serious  start  with 
the  application  of  experimental  methods  some  fifty  years 
ago.  A  quarter  of  a  century  later,  when  experimental  psy- 
chology had  already  made  substantial  progress,  systematic 
efforts  were  begun  to  develop  applied  psychology  in  various 
fields.  This  was  an  inevitable  outcome  of  the  change  in  atti- 
tude and  point  of  view.     In  all  respects,  therefore,  the  history 
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of  the  science  has  been  that  of  the  other  sciences  from  the  time 
when  it  first  took  shape  as  a  definite  science. 

One  of  the  main  purposes  of  the  present  work  is  to  indicate 
the  results  of  some  of  these  efforts  to  build  up  an  applied 
psychology.  We  may  take  these  results  as  evidence  of  the 
extent  to  which  psychology  is  already  prepared  to  meet  its 
obligations  to  practical  life.  A  word  with  respect  to  the  point 
of  view  of  applied  psychology  will  not  be  out  of  place.  As  a 
science  of  facts  it  is  not  concerned  with  the  advocating  of  any 
policy,  educational,  economic,  or  political.  The  ends  which 
are  to  be  attained,  the  results  which  it  is  desirable  to  produce, 
are  settled  independently  of  psychology.  The  concern  of 
that  science,  as  applied,  is  merely  the  best  way  in  which  these 
ends  can  be  attained,  or  these  results  produced.  Hence 
psychology  is  neither  unionist  nor  radical,  neither  protec- 
tionist nor  free-trade,  neither  capitalist  nor  labourist,  neither 
individualist  nor  communist.  The  claims  of  each  or  any 
of  these  political,  economic,  or  social  philosophies  are  entirely 
outside  the  province  of  psychology  ;  all  that  psychology  has 
to  discuss  is  the  way  in  which,  having  regard  to  the  facts, 
any  particular  line  of  policy  may  be  best  pursued,  and  the 
psychological  results  which  will  follow — not  in  the  slightest 
degree  the  merits  or  demerits  of  the  line  of  policy  itself, 
except  so  far  as  it  seeks  to  attain  ends  which  are  psycho- 
logically impossible  with  the  means  to  hand. 

Apart  from  this  general  standpoint,  which  is  characteristic 
of  all  sciences,  pure  and  apphed  alike,  applied  psj^chology  may 
be  said  to  differ  somewhat  from  pure  psychology  in  the  point 
where  it  lays  its  emphasis.  Pure  psychology  seeks  to  under- 
stand the  behaviour  of  living  organisms,  and  especially  of 
human  beings,  by  understanding  the  mental  processes,  the 
thoughts,  feelings,  desires,  and  purposes,  which  underlie 
the  behaviour.  But  applied  psychology  seeks  to  go  beyond 
the  mere  understanding.  It  seeks  not  only,  and  not  mainly, 
to  understand  behaviour  and  mental  process,  but  to  use  such 
insight  as  we  possess  or  can  gain,  in  guiding  behaviour  in  a 
dafinite  direction,  and  towards  the  production  of  definite 
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results.  Consequently  applied  psychology  lays  far  more 
stress  on  external  results.  It  is,  as  we  say,  predominantly 
objective.  Further  it  is  less  concerned  with  general  laws  and 
principles,  more  with  the  individual  human  being  in  the 
concrete,  and  the  correlation  of  his  nature  and  behaviour 
with  the  concrete  claims  and  needs  of  practical  life. 

As  our  aim  is  to  consider  applied  psychology  in  the  economic 
sphere,  it  is  also  necessary  to  be  clear  as  regards  its  relation 
to  economics.  Marshall  defines  economics  as  "  a  study  of 
man's  actions  in  the  ordinary  business  of  life".^  This  is 
curious  and  interesting,  because  it  is  precisely  how  a 
behaviourist  might  define  human  psychology,  and  the  fact 
would  seem  to  indicate  how  closely  the  two  sciences  may  come 
to  each  other  when  we  consider  the  relation  of  both  to  ordinary 
life.  If,  again,  we  define  economics  as  the  science  which 
studies  the  activities  of  human  society  involved  in  the  pro- 
duction, distribution,  and  exchange  of  commodities,  we  still 
experience  difficulty  in  marking  off  its  proper  field  from  that 
of  psychology.  The  activities  of  society  are  the  activities 
of  individual  members  of  society,  which  find  their  motive 
and  explanation  in  the  underlying  mental  processes  of  indivi- 
dual human  beings.  The  truth  is  we  can  only  separate  the 
field  of  economics  from  the  field  of  psychology  by  recognizing 
that  economics  is  really  an  abstract  science,  which  deals  with 
one  aspect  only  of  the  activities  of  the  human  being  or  of 
human  society — the  economic  aspect — and  that  we  obtain  the 
economic  aspect  by  ruling  out  that  part  of  the  concrete  fact 
in  which  the  psychologist  is  interested,  by  assuming  a  society 
consisting  of  standard  economic  individuals,  not  the  concrete 
human  society  which  is  the  primary  fact.  Psychology  takes 
up  the  investigation  of  the  activities  of  human  society  at 
the  point  at  which  economics,  as  it  were,  leaves  off  by 
studying  the  concrete  activities  of  the  concrete  individuals. 

Ruskin,  it  will  be  remembered,  made  some  violent  attacks 
on  the  science  of  economics  and  those  who  pursued  it.^    The 

^  "  Economics  of  Industry",  p.  i. 

^  See,  for  example,  "  Unto  this  Last". 
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attacks  were  of  course  quite  wrongly  directed.  We  might 
as  well  attack  the  hosiery  manufacturer  because  we  cannot 
get  a  supply  of  boots  and  shoes  in  his  warehouse,  as  attack 
the  economist  because  he  gives  us  no  account  of  the  altruistic 
side  of  human  nature.  The  economist  does  not  profess  to 
supply  the  goods.  That  is  the  business,  or  part  of  the  busi- 
ness, of  the  psychologist.  All  the  same,  Ruskin's  contention 
and  criticisms  appear  to  be  valid  against  an  economics  that 
claims  to  apply  its  findings  directly  to  social  activities  in 
the  concrete,  irrespective  of  the  nature  and  behaviour  of  the 
concrete  individual,  as  economics  has  on  occasion  tried  to  do. 
Taking  for  a  moment  the  wider  point  of  view  which  Ruskin 
takes,  we  may  hold  that  the  factors  which  economics  does 
not  investigate,  which  it,  as  it  were,  takes  for  granted,  are 
precisely  the  factors  which  in  the  world  of  concrete  reality 
give  meaning  and  significance  to  every  economic  process, 
which  underlie  and  maintain  all  economic  activity.  Human 
needs,  impulses,  and  desires  constitute  the  very  driving  force 
of  economic  life.  The  processes  in  the  economic  world  are 
each  and  all  inspired  by  human  purposes,  carried  through  by 
human  labour,  ingenuity,  and  skill.  When  we  speak  of 
economic  forces  we  are  speaking  abstractly.  In  strictness 
there  are  no  separate  economic  forces.  We  so  designate 
from  our  abstract  point  of  view  forces  which  are  really  either 
physical  or  psychological.  In  all  the  applied  social  sciences 
the  problems  are  psychological  as  well  as  economic,  and  the 
fundamental  problems  being  human  problems  are  primarily 
psychological  rather  than  economic. 

While  economist  and  industrialist — labourist  as  well  as 
capitalist — would  probably  be  prepared  to  admit  all  this 
when  advanced  as  a  theoretical  position,  in  nine  cases  out  of 
ten  they  would  argue  that  it  was  after  all  merely  a  pious 
opinion,  and  that  practically  the  science  of  psychology  was 
not  in  a  position  to  jdeld  any  significant  assistance  in  the 
solving  of  the  various  industrial  problems  of  modern  life, 
whereas  the  science  of  economics  was  in  such  a  position.  The 
argument  would  have  been  perfectly  sound  twenty  years  ago. 
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In  a  measure  it  is  perhaps  still  sound.  Nevertheless  it  is 
possible  to  show  that  psychology  promises  that  it  will  soon  be, 
if  it  is  not  already,  in  a  position  to  perform  practically  many 
of  the  services  which  ought  theoretically  to  be  performed  by 
that  science.  It  is  certain  that  there  have  been  notable 
developments  of  recent  years,  more  particularly  in  social 
psychology,  and  in  certain  branches  of  applied  psychology, 
which  ought  to  change  the  whole  attitude  towards  the  science 
of  psychology  of  economist,  industrialist,  and  social  reformer. 
Social  psychology  will  only  be  touched  upon  in  a  cursory  way 
in  what  follows.  Our  main  concern  is  applied  psychology  in 
the  sphere  of  industry  and  commerce.  It  must  be  clearly 
understood,  however,  that  this  is  only  one  direction  in  which 
the  results  of  modern  psychology  are  relevant  to  problems  of 
social  and  economic  life. 

What  we  may  describe  as  psychological  problems  of  the 
economic  life  arrange  themselves  in  three  well-marked  groups  : 
(i)  Problems  of  the  worker — ^his  character,  intelligence, 
vocational  fitness  and  the  like  ;  (2)  Problems  of  the  work, 
and  the  factors  upon  which  its  efficiency  depends,  such  as 
fatigue,  length  of  work  and  rest  periods,  economy  of  move- 
ment, conditions  of  working,  and  the  like  ;  (3)  Problems 
of  the  market,  that  is,  of  demand  and  supply  from  the 
psychological  point  of  view. 

Within  recent  times  a  definite  branch  of  applied  psychology, 
calling  itself  "  industrial  psychology  ",  has  sprung  up.  The 
first  two  groups  of  problems  are  its  recognized  subject-matter, 
and  it  might  be  defined  in  terms  of  this  subject-matter.  It 
may,  however,  be  defined  in  such  a  way  as  to  bring  out  still 
more  clearly  its  relation  to  economics.  As  a  recent  writer 
expresses  it,  "  all  that  the  application  of  psychology  to 
industry  means  essentially  is  that  the  aim  of  industry,  what- 
ever this  is,  may  be  effected  more  easily  "  as  a  consequence  of 
the  utilizing  of  psychological  knowledge.^  This  implies 
that  industrial  psychology  aims  at  the  elimination  of  waste — 
economic  and  consequent  social  waste — in  so  far  as  it  can 
*  Muscio  :    "  Lectures  in  Industrial  Psychology". 
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help  in  this  elimination.  We  can  therefore  say  that  "  indus- 
trial psychology  "  is  the  utilizing  of  psychological  knowledge 
^i)  in  selecting  workers  for  any  work  on  the  basis  of  natural 
fitness,  and  (2)  in  developing  good  methods  of  work,  in  order 
that  a  given  expenditure  of  human  energy  may  yield  a  maxi- 
mum result,  or,  which  amounts  to  the  same  thing,  that  the 
result  which  must  be  produced  may  be  produced  in  the  most 
economical  way  as  far  as  expenditure  of  human  energy  is 
concerned.  We  would,  however,  interpret  the  psychology 
of  industry  somewhat  more  widely  than  this,  so  as  to  include 
at  least  the  third  group  of  problems,  and  to  include  also  some 
reference  to  the  more  general  psychological  conditions  affect- 
ing industry,  as  not  merely  an  economic,  but  also  a  social, 
activity. 

One  other  preliminary  point  requires  to  be  noted.  That 
is  the  relation  of  "  industrial  psychology  "  or  the  wider 
psychology  of  industry  to  that  "  scientific  management  " 
which  has  within  the  past  few  years  become  so  prominent 
in  American  industrial  life.  The  aim  of  "  scientific  manage- 
ment "  is  confessedly  to  increase  output  and  profits,  and 
it  approaches  the  psychological  phenomena  of  industrial 
activities  from  the  point  of  view  of  the  management.  It 
has  naturally  been  regarded  with  grave  suspicion  by  the  worker 
from  the  outset.  It  may  be  true  that,  theoretically  and  in 
the  long  run,  the  interests  of  employer  and  employee  coincide. 
It  is  also  true  that  practically  the  employee  may  be  exploited 
for  the  immediate  benefit  of  the  employer.  "  Scientific 
management  "  makes  only  a  half-hearted  profession  of  impar- 
tiality in  this  matter.  Industrial  psychology,  on  the  other 
hand,  is  strictly  impartial,  as  we  have  already  pointed  out. 
It  is  concerned  solely  with  the  facts,  and  its  investigations 
and  results  are  equally  at  the  service  of  both  employer  and 
employee.  On  the  whole  its  tendency  has  perhaps  been  to 
support  the  worker  and  his  claims,  since  the  worker  is  the 
effective  agent  in  nearly  every  process  it  investigates,  and 
an  understanding  of  the  facts  is  impossible  without  under- 
standing the  point  of  view  of  the  worker,  as  well  as  the 
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psychological  processes  involved  in  the  work  itself.  The 
^..dustrial  psychologist  is  tempted  to  reply  to  the  contention 
of  the  advocates  of  scientific  management,  that  efficiency  in 
•roduction  is  in  the  interests  of  the  worker  as  well  as  the 
employer,  with  the  equally  valid  contention  that  the  welfare 
of  the  worker  is  essential  to  efficient  production  and  to  the 
prosperity  and  happiness  of  the  community. 


CHAPTER  II 
THE  INTELLIGENCE  OF  THE   WORKER 

IN  any  organization  of  human  effort  for  any  purpose 
whatsoever,  economic  or  otherwise,  if  the  best  results 
are  to  be  secured,  account  must  obviously  be  taken  of 
the  differences  between  individuals  in  tastes,  capacities,  and 
dexterities,  both  general  and  special,  both  congenital  and 
acquired.  This  is  a  principle  upon  which  the  employer  of 
labour  constantly  tries  to  act.  Before  taldng  a  man  into  his 
employment  he  requires  some  kind  of  evidence  that  the  man 
is  in  every  way  suitable  as  regards  character  and  intelhgence. 
In  selecting  a  man  for  a  particular  position  requiring  special 
skill  or  capacity  or  disposition,  he  takes  some  means  to  satisfy 
himself  that  the  man  selected  has  such  skill,  capacity,  or  dis- 
position. But  the  problem  of  selecting  human  beings  with 
respect  to  disposition,  capacity,  character,  or  intelligence  is 
a  psychological  problem.  Moreover  it  is  a  problem  in  the 
study  of  which  the  experimental  psychologist  has  made  great 
advances  within  recent  years.  No  one  would  maintain  that 
the  old  methods  of  selection,  based  as  they  were  on  general 
impression,  or  testimonials,  or  school  certificates — methods 
which  are  still  current  in  the  vast  majority  of  industrial  and 
commercial  undertakings  in  this  and  other  countries — can  be 
regarded  as  rehable,  adequate,  or  even  moderately  satisfactory, 
if  we  consider  them  as  anything  more  than  extremely  rough 
and  ready  approximations.  \Vliat  substitutes  can  the 
psychologist  offer  ? 

The  psychologist  recognizes  two  distinct  problems,  both 
important  both  economically  and  socially,  and  both  in  his 
opinion  soluble  by  the  methods  he  has  adopted.  The  first 
of  these  is  the  problem  of  determining  an  indi\'iduars  general 
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mental  capacity  or  efficiency,  the  problem,  as  the  psychologist 
puts  it,  of  the  "  measurement  of  intelHgence ".  The 
"  measurement  of  intelligence  "  has  played  a  great  part  in 
experimental  psychology  in  recent  times.  In  applied  psy- 
chology the  literature  devoted  to  this  topic  probably  exceeds 
in  bulk  the  literature  devoted  to  all  other  topics  put  together. 
Yet  the  economic  importance  of  intelligence-testing  is  only 
beginning  to  be  realized,  and  in  some  civilized  countries, 
among  which  Great  Britain  must  be  numbered,  is  hardly 
recognized  at  all. 

The  economic  significance  of  the  measurement  of  intelli- 
gence is  apparent  from  two  points  of  view.  First  of  all,  there 
is  the  very  general  point  of  view  of  the  social  and  economic 
welfare  of  the  state  as  a  whole.  Secondly,  there  is  the  point 
of  view  of  the  desirability  of  securing  economic  efficiency  in 
the  individual  undertaking,  and  that  in  the  interests  alike 
of  the  employer  and  the  employee.  The  general  point  of 
view  is  scarcely  the  concern  of  industrial  psychology.  Never- 
theless it  is  worth  drawing  attention  to.  The  evidence,  based 
on  a  very  extensive  series  of  investigations,  is  quite  conclusive 
that  defective  intelligence — meaning  by  "  defective  "  intelli- 
gence which  is  somewhat  markedly  below  the  normal — ranks 
as  one  of  the  main  producing  causes  of  crime.  The  economic 
waste  which  society  incurs  from  criminality  could  without 
question  be  greatly  reduced  if  measures  were  taken  to  dis- 
cover low-grade  intelligence  sufficiently  early,  and  where 
necessary  to  exercise  such  control  over  it  as  the  interests  of 
society  should  dictate.  The  records  of  the  Kallikak  family, ^ 
the  Nam  family, ^  the  Jukes  family,^  and  the  Hill  folk* 
reveal  in  the  most  startling  way  the  lamentable  neglect 
on  the  part  of  society  of  its  most  elementary  duties 
to  itself.  From  the  narrow  point  of  view  of  their  cost  to 
the  state,  in  charitable  relief,  care  of  the  epileptic  and  insane, 
punishment  for  crime  and  the  like,  these  four  families  have 

^  Goddard,  "  The  Kallikak  Family".  "  Estabrook  and  Davenport, 
"The  Nam  Family".  ^  Dugdale,  "The  Jukes".  *  Danielson  and 
Davenport,  "  The  Hill  Folk". 
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accounted  for  an  economic  wastage  only  partially  represented 
by  a  million  pounds  sterling  during  the  last  two  generations. 
The  problem  is,  however,  a  wider  social  problem,  and  we 
may  leave  it  with  this  passing  reference. 

With  the  special  point  of  view  we  are  here  more  closely 
concerned.  The  loss  which  industrial  concerns  suffer  from 
the  employment  of  individuals  whose  mental  ability,  in  spite 
of  apparent  evidence  to  the  contrary  in  the  shape  of  testi- 
monials or  school  certificates,  is  not  equal  to  the  work  they 
are  called  upon  to  perform,  must  be  enormous.  To  leave 
an  individual's  inefficiency  to  be  discovered  after  he  has  been 
tried  at  some  work  is  quite  obviously  wasteful  economically, 
and  may  be  ruinous  to  the  individual  himself.  The  waste 
and  the  harm  are  all  the  greater  if  the  individual  is  put  to 
one  kind  of  work  after  another,  and  found  to  be  inefiEicient 
at  all.  We  are  not  in  this  instance  dealing  with  mental 
defect  so  great  and  so  marked  as  to  necessitate  the  protection 
and  restraint  of  the  individual  in  an  institution,  but  with 
the  much  commoner  case  of  an  intelligence  sufficiently  below 
the  normal  to  incapacitate  the  individual  for  performing 
efficiently  any  task  demanding  average  intelligence.  If  the 
psychologist  can  furnish  us  with  a  reliable  measurement  of 
an  individual's  mental  efficiency,  sufficiently  reliable  to  pick 
out  such  cases,  he  is  able  to  perform  an  economic  service  of 
the  utmost  importance.  This  the  psychologist  claims  that 
he  can  do.  He  claims  indeed  to  be  able  to  do  a  good  deal 
more  than  this,  as  we  shall  see  presently. 

The  various  systems  of  mental  tests,  which  are  available 
at  the  present  time,  have  originated  from  several  distinct 
interests,  and  have  therefore  been  devised  with  several 
different  objects  in  view.  To  begin  with,  the  interest  in  mental 
testing  was  mainly  theoretical.  The  experimental  psycholo- 
gist devised  tests  in  the  psychological  laboratory  in  order 
to  measure  sensory  discrimination  and  the  like  ;  the  anthro- 
pologist devised  tests  for  the  purpose  of  studying  the 
interrelations  of  mental  traits  with  one  another  and  with 
physical  characters  ;    the  eugenist  devised  tests  in  order  to 


14         THE  PSYCHOLOGY  OF  INDUSTRY 

study  the  influence  of  environment  and  heredity  respectively 
on  mental  characteristics.  But  practical  interests  very  soon 
came  upon  the  scene.  The  alienist  and  the  educator  especially 
experienced  the  need  for  some  system  of  accurate  mental 
testing,  and  most  of  the  tests  in  common  use  at  the  present 
time  have  been  selected  and  modified  from  these  two  practical 
points  of  view.  It  is  generally  agreed  that  the  needs  of  both 
alienist  and  educator  are  now  fairly  satisfactorily  met,  and 
many  of  their  tests  may,  with  or  without  some  slight  modifi- 
cation, be  apphed  to  economic  purposes  as  well.  As  a 
matter  of  fact  the  results  of  the  testing  of  both  alienist  and 
educator  have  themselves  definite  economic  and  industrial 
significance.  If  every  young  person  applying  for  employment 
were  required  to  present  a  certified  school  record,  and  if  this 
school  record  had  appended  to  it  the  mental  grading  of  the 
individual  as  systematically  determined  at  regular  intervals 
throughout  the  school  career,  by  means  of  a  recognized  and 
satisfactory  scheme  of  tests,  more  than  half  of  the  difficulty 
of  the  employer  of  labour  would  be  overcome,  and  his  needs 
to  a  great  extent  met.  The  school  certificate  would  then 
become  to  the  employer  a  reliable  guarantee  of  the  mental 
efficiency  or  inefficiency  of  each  individual  seeking  employ- 
ment, and  even  an  indication — which  might,  however,  require 
supplementary  testing — of  special  abilities  and  disabilities, 
rendering  the  individual  suitable  or  unsuitable  for  special 
kinds  of  work  in  his  employment. 

The  Binet-Simon  scale  is  the  most  famihar  of  the  tests 
in  common  use  at  present  for  diagnosing  mental  deficiency 
and  for  measuring  mental  development.  This  scale  first  took 
form  in  1905  in  a  series  of  tests  designed  to  diagnose  mental 
deficiency.  All  the  tests  employed  were  of  the  simplest  kind, 
requiring  practically  no  apparatus,  and  this  has  remained  a 
prominent  characteristic  of  the  Binet  tests.  The  1905  tests 
were  meant  to  be  applied  to  children  between  the  ages  of  three 
and  eleven.  They  were  thirty  in  number,  and  were  arranged 
roughly  in  order  of  increasing  difficulty,  in  such  a  way  that 
the  test  at  which  a  child  failed  indicated  in  a  general  way 
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the  stage  of  mental  development  the  child  had  attained.  If 
that  stage  was  below  the  stage  to  be  expected  from  the  child's 
age,  then  the  child  was  regarded  as  mentally  retarded  to  a 
greater  or  less  extent  as  the  case  might  be.  Few  of  the  1905 
tests  are  of  great  interest  from  our  present  point  of  view,  but 
among  them  were  some  which  are  capable  of  development 
and  modification  so  as  to  be  useful  in  a  much  more  extensive 
and  ambitious  scheme  of  testing.  Such  for  example  are  the 
two  "  memory  span  "  tests  of  the  1905  series.  These  were 
a  test  of  the  "  auditory  memory  span  "  for  digits,  and  a 
test  of  the  "  auditory  memory  span  "  for  words  and  syllables 
in  sentences. 

The  "  memory  span  "  may  be  defined  as  the  number  of 
individual  impressions  which  a  person  can  retain  and  repro- 
duce accurately  after  a  single  presentation,  the  reproduction 
being  called  for  immediately  the  presentation  is  completed. 
In  the  case  of  "  auditory  memory  span  "  for  digits  the  experi- 
menter repeats  at  a  constant  rate  a  certain  number  of  digits. 
After  he  has  finished  the  subject  makes  an  attempt  to  repeat 
the  same  digits  in  the  same  order.  If,  say,  he  succeeds  in 
reproducing  six  digits  correctly,  but  fails  at  seven,  his 
"  auditory  memory  span  "  for  digits  is  represented  by  the 
number  6.  With  sentences  the  procedure  is  the  same,  the 
measure  of  the  memory  span  being  given  by  the  num.ber 
of  syllables  in  the  longest  sentence  successfully  reproduced. 
Obviously  a  test  of  this  kind  is  capable  of  considerable 
extension,  and  may  yield  valuable  information  from  the 
point  of  view  of  practical  life.  According  to  one  of  the 
latest  and  most  reliable  investigators,  ^  3  digits  can  be  repeated 
at  the  age  of  three,  4  at  the  age  of  four,  5  at  the  age  of  seven, 
6  at  the  age  of  ten,  7  at  the  age  of  fourteen,  and  8  by  an 
adult  of  superior  intelligence.  The  author  found  two  adult 
teacher-students  in  a  class  of  sixty  capable  of  repeating  as 
many  as  12.  A  complication,  making  this  digit  test  very 
much  more  difficult  and  in  some  ways  a  better  intelligence 
test,  is  to  ask  for  a  reproduction  of  the  digits  in  reverse  order. 
^  Cf.  Terman,  "  The  Measurement  of  Intelligence". 
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Some  of  the  other  tests  were  also  of  types  of  which  extensive 
use  has  been  made  in  subsequent  investigations.  Thus  the 
series  included  a  "  definition  "  test,  a  test  of  "  Hnguistic 
invention  ",  a  "  problems  "  test,  and  a  "  combination  "  test, 
all  of  a  very  simple  character.  These  are  all  standard  types 
of  intelligence  test,  and  can  be  graded  as  regards  difficulty 
through  a  fairly  wide  range.  The  "  definition  "  test  requires 
little  explanation.  The  subject  is  asked  for  a  definition,  it 
may  be  of  a  simple  concrete  term  like  "  knife  ",  "  horse  ", 
"  mother  ",  or  an  abstract  term  like  "  generosity  ",  "  justice  ", 
or  he  is  asked  to  tell  the  difference  between  "  wood  "  and 
"glass",  or  "  poverty "  and  "misery",  or  "king"  and 
"  president  ".  In  a  test  of  "  linguistic  invention  "  the  subject 
is  given  certain  words — usually  three — and  is  asked  to  make 
a  sentence  containing  them.  Thus  he  may  be  required  to 
make  a  sentence  containing  the  three  words  "  London ", 
"  gold  ",  "  river  ".  "  Problems  "  tests  may  take  many 
different  forms.  In  the  Binet  form  the  subject  is  asked 
what  is  the  proper  thing  to  do  in  a  certain  situation,  as,  for 
example,  when  we  have  unintentionally  broken  an  article 
belonging  to  another  person.  This  type  of  test  is  a  very 
valuable  one.  The  "  combination  "  or  "  completion  "  test 
was  first  devised  and  employed  by  Ebbinghaus  as  a 
test  of  the  fatigue  caused  by  the  work  of  a  school  day. 
Its  value  from  that  point  of  view  is  problematical,  but  as  an 
intelligence  test  it  has  high  value,  though  very  difficult  to 
standardize.  The  subject  is  given  a  continuous  piece  of 
prose — a  story,  say — with  certain  words  omitted,  the  omissions 
being  indicated  by  blanks  or  dashes.  His  task  is  to  supply 
the  missing  words.     For  example,  a  test  has  been  frequently 

employed  beginning  :   "  One eagle with  the 

birds  see  could  highest. 

agreed  he  who  fly should  called 

strongest ."    The  words  omitted  in  their  order  are  : 

"  day" ,  "  the  ",  "  went  ",  "  other  ",  "  to  ",  "  which  ",  "  fly  ", 
"  the  ".  "  They  ",  "  that  ",  "  could  ",  "  the  ".  "  highest  ". 
"  be  ",  "  the  ",  "  bird  ". 
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In  1908  Binet  and  Simon  gave  to  the  world  an  extended 
series  of  tests  in  which  a  new  principle  was  embodied.  The 
tests  were  arranged  in  age  groups,  according  to  the  mental 
age  which  in  their  opinion  was  necessary  in  order  that  the 
respective  tests  should  be  passed.  A  revised,  and  slightly- 
modified,  arrangement  of  the  tests  followed  in  191 1.  When 
the  Binet  tests  are  now  used  the  19 11  revision  is  generally 
followed,  with  or  without  additions  and  modifications  due 
to  other  investigators.  In  all  cases  the  aim  is  as  far  as 
possible  to  test  the  uncultured  intelhgence,  that  is  intelhgence 
unaffected  by  scholastic  training  and  acquirements.  It  is 
obvious  that  such  an  attempt  can  only  be  partially  successful, 
but  there  is  little  doubt  that  the  measure  of  success  attained 
by  the  Binet-Simon  Scale  is  considerable,  and  quite  as  great 
as  could  be  expected. 

A  detailed  description  of  the  Binet  Scale  is  entirely  out 
of  place  here.  The  scale  is  now  easily  accessible,  and  any 
reader  who  wishes  to  go  farther  in  the  matter  will  obtain  the 
necessary  guidance  from  the  list  of  books  given  in  the  Appen- 
dix. The  mental  standing  of  a  subject  tested  by  means  of 
the  Binet  Scale  is  best  indicated  by  what  has  been  called  the 
"  intelhgence  quotient".  This  is  given  by  the  ratio  of  the 
mental  age  as  given  by  the  scale  to  the  actual  age.  Thus, 
if  the  mental  age  according  to  the  results  of  the  testing  comes 
out  at  8,  and  the  actual  age  of  the  subject  is  12,  the  intelligence 
quotient  (IQ)  is  given  by  8/12  or  '66.  The  use  of  the  intelli- 
gence quotient  is  a  characteristic  of  the  Stanford  revision 
of  the  Binet  scale, ^  and  this  form  of  the  scale  is  probably 
the  best  for  general  use. 

In  the  Binet  method  of  testing  no  credit  is  given  for  partial 
success  in  any  test.  The  Yerkes-Bridges  Point  Scale  has 
been  devised  with  the  object  of  giving  such  credit,  and  at  the 
same  time  removing  some  other  alleged  defects  of  the  original 
scale.  In  the  Point  Scale  twenty  tests  only  are  employed. 
These  twenty,  however,  comprise  most  of  the  Binet  tests. 
The  tests  are  arranged  approximately  in  order  of  relative 
^  Terman :  "The  Measurement  of  Intelligence  ". 
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difficulty.  Graded  marking  is  possible,  and  the  mental 
standing  of  the  subject  is  determined  by  the  relation  of  his 
"  score  "  to  the  normal  "  score "  for  his  age,  sex,  and 
nationahty.  It  is  still  matter  of  doubt  whether  the  series 
of  tests  could  not  be  still  further  cut  down  and  re-arranged 
in  such  a  way  as  to  make  their  employment  still  simpler. 
The  author  has  found  that  some  half-a-dozen  tests,  selected 
from  the  Stanford  revision,  can  jdeld  a  result  which  is  not 
greatly  increased  in  accuracy  by  the  addition  of  the  others. 
These  might  furnish  something  of  the  nature  of  a  "  foot- 
rule  "  for  preliminary  testing,  at  any  rate,  and  accurate 
psychological  testing  seems  to  demand  more  elaborate  and 
more  discriminating  examination  than  the  Binet  Scale  in 
any  of  its  forms  is  capable  of  affording.  The  tests  the  author 
would  suggest  for  such  a  "  foot-rule  "  are  the  "  memory 
span "  for  digits  test,  the  "  vocabulary "  (Terman)  test, 
the  "  pictures  "  test,  the  "  comprehension  of  situations  " 
test,  the  "  definitions  "  test,  and  the  "  ingenuity  "  (Terman) 
test.    The  actual  tests  are  given  in  Appendix  II. 

All  these  scales  are  meant  primarily  for  the  testing  of  the 
intelligence  of  children,  and  they  are  therefore  only  partially 
applicable  to  the  testing  of  adults,  and  more  especially  from 
the  economic  point  of  view.  The  same  principles,  however, 
can  be  embodied  in  tests  for  adults.  As  we  have  already 
seen,  several  of  the  Binet  tests  are  capable  of  extension  and 
modification  so  as  to  serve  as  adult  tests,  and  besides  many 
valuable  intelligence  tests  have  been  devised  in  recent  years 
which  are  not  represented  in  the  Binet  Scale,  except  as 
regards  general  type,  and  sometimes  not  even  so  far,  and 
which  are  capable  of  being  employed  as  adult  tests.  Hence 
the  construction  of  a  series  of  tests  for  adults  does  not  present 
any  formidable  difficulty. 

When  the  United  States  of  America  entered  the  great 
war  one  of  the  first  steps  taken  was  to  mobilize  the  experi- 
mental psychologists  of  the  country,  and  one  result  of  their 
labours  was  the  devising  of  a  series  of  intelligence  tests  for 
the  men  called  to  the  colours.     These  American  Army  tests 
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are  deserving  of  the  closest  attention  on  the  part  of  the 
industrial  psj'chologist,  as  representing  the  type  of  testing 
which  may  be  done  in  connexion  with  the  taking  on  of  new 
employees  in  any  large  concern.  One  fact,  however,  in 
connexion  with  these  tests  must  be  kept  in  mind.  They 
were  group  tests,  not  individual  tests.  It  was  necessary  for 
the  examiners  to  deal  with  large  numbers  as  expeditiously 
as  possible.  This  could  only  be  accomplished  by  arranging 
that  the  subjects  should  be  tested  in  large  groups,  not  indi- 
vidually, and,  as  a  consequence,  the  tests  themselves  had  to 
be  arranged  and  modified  to  suit  these  conditions.  Such 
a  necessity  would  not  usually  exist  in  the  economic  field. 
Hence  the  type  of  test  employed  by  the  American  psycholo- 
gists is,  from  our  point  of  view,  much  more  important  than 
the  method  of  administering. 

In  developing  their  main  series  of  tests,  the  American 
psychologists  started  with  thirteen  different  tests.  Checking 
the  results  obtained  in  preliminary  investigations  with  every 
available  criterion,  and  eliminating  all  the  tests  w'hich  were 
found  to  be  unreliable,  superfluous,  or  not  suited  to  the  con- 
ditions under  which  they  had  to  be  administered,  they  ended 
by  selecting  eight  tests  for  their  standard  series  (Series  Alpha). 
In  order  to  meet  the  need  of  testing  illiterates  and  non- 
English-speaking  recruits  a  supplementary  series  was  also 
devised  (Series  Beta).  Series  Beta  was  intended  to  be  as  far 
as  possible  a  translation  of  Series  Alpha  into  pictorial  form,  a 
pictographic  translation,  so  to  speak.  It  has  its  own  interest, 
but  we  are  here  mainly  concerned  with  Series  Alpha. 

This  standard  series  consisted,  as  we  have  said,  of  eight 
tests.  These  were,  in  their  order  :  (i)  a  "  directions  "  test ; 
(2)  an  "arithmetical  problems"  test  ;  (3)  a  "  practical  judg- 
ment "  test  ;  (4)  a  "  synonym-antonym  "  test  ;  (5)  a  "  dis- 
arranged sentence  "  test  ;  (6)  a  "  number  series  completion  " 
test ;  (7)  an  "  analogies  "  test  ;  and  (8)  a  "  general  infor- 
mation "  test. 

p  These  tests  are  all  of  standard  types,  but  we  may  make  an 
attempt  to  indicate  the  nature  of  each  as  briefly  as  possible 
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by  citing  some  of  the  actual  tests  given.  The  tests  themselves, 
together  with  a  discussion  of  some  of  the  results  obtained, 
will  be  found  in  Yoakum  and  Yerkes  :  "  Mental  Tests  in  the 
American  Army  ". 

1.  The  Directions  Test. — This  test  is  intended  to  test  the 
ability  of  the  examinee  to  follow  directions  or  carry  out  orders. 
It  can  be  easily  graded  in  difficulty  by  complicating  the 
directions  in  various  ways.  In  the  test  as  actually  given  the 
subject  had  before  him  a  sheet  with  twelve  sections  numbered 
I  to  12.     Here  are  three  of  them  : 

7.    ABCDEFGHIJKLMNOP 
9-    34-79-56-87-68-25-82-47-27-31-64-93-71-41-52-99 
12.     123456789 

The  examiner  says  :  Look  at  7,  When  I  say  "  go  ",  cross 
out  the  letter  just  before  C,  and  also  draw  a  line  under  the 
second  letter  before  H. — "  Go  !  "     (Time,  10  seconds.) 

Look  at  9.  When  I  say  "  go  ",  cross  out  each  number  that 
is  more  than  20  but  less  than  30. — "  Go  !  "  (Time  15  seconds). 

Look  at  12.  If  7  is  more  than  5,  then,  when  I  say  "go  ", 
cross  out  the  number  6,  unless  6  is  more  than  8,  in  which  case 
draw  a  hne  under  the  number  7. — "  Go  !  "  (Time,  10  seconds). 

2.  Arithmetical  Problems  Test. — This  hardly  requires 
illustration.  The  object  was  to  test  the  ability  to  solve  simple 
arithmetica'  problems,  as  a  necessary  practical  ability  in 
military  service  as  in  civilian  life.  The  problems  employed 
were  of  this  type  :  How  many  hours  will  it  take  a  truck  to  go 
66  miles  at  the  rate  of  6  miles  an  hour  ?  If  it  takes  6  men 
3  days  to  dig  a  180-foot  drain,  how  many  men  are  needed  to 
dig  it  in  half  a  day  ?  If  a  man  runs  a  hundred  yards  in  10 
seconds,  how  many  feet  does  he  run  in  a  fifth  of  a  second  ? 
Twenty  such  problems  were  given  and  five  minutes  allowed. 

3.  The  Practical  Judgment  Test. — This  was  intended  as  si 
test  of  "  common  sense  ".  It  is  of  the  same  general  type  as 
the  Binet  "  problems  "  test.  Sixteen  questions  were  asked. 
Three  different  answers  were  suggested,  and  the  examinee  was 
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required  to  mark  with  a  cross  the  answer  that  seemed  to  him 
best.  For  example,  the  first  problem  in  one  case  was  :  "  Cats 
are  useful  animals,  because — they  catch  mice — they  are  gentle 
— they  are  afraid  of  dogs  ".  This  is  a  very  interesting  test 
because  of  the  fact  that  all  the  different  answers  suggested 
have  some  sort  of  appeal— and  the  same  is  true  of  several 
other  tests.  As  a  result  indications  may  be  given  of  pecuUari- 
ties  in  the  mental  make-up  of  the  examinee.  For  the  sixteen 
problems  the  time  allowed  was  a  minute  and  a  half, 

4.  The  Synonym- Antonym  Test. — In  this  test  two  words 
are  given.  These  have  either  the  same  or  an  opposite  mean- 
ing. The  subject  is  required  accordingly  to  underline  the 
word  "  same  "  or  "  opposite  ",  according  to  which  is  ap- 
phcable.  In  all  forty  pairs  of  words  were  given,  such  as  "  wet- 
dry  ",  "  lax-strict  ",  "  pompous-ostentatious  ".  The  time 
allowed  was  a  minute  and  a  half, 

5.  The  Disarranged  Sentences  Test. — In  this  test  twenty- 
four  disarranged  sentences  were  given.  The  examinee  was 
required  to  underline  one  of  the  words  "  true  " — "  false  ", 
according  to  which  was  applicable  to  the  statement  contained 
in  the  sentence.  Some  of  the  sentences  were  :  "  See  are 
with  to  eyes  ",  "  grow  and  apples  ground  oranges  the  in  ", 
"  temperatures  freezes  water  high  at ".  The  time  allowed 
was  two  minutes. 

6.  The  Number  Series  Completion  Test. — This  is  an 
extremely  interesting  test.  The  examinee  was  required  to 
carry  on  for  two  more  terms  a  number  series.  This  involved 
in  the  first  instance  finding  out  the  principle  on  which  the 
series  was  constructed.  In  some  cases  the  series  was  quite 
simple  and  straightforward,   as,   for  example,  886644 

,  or  6  9  12  15  18  21 .     In  other  cases 

the  scries  were  much  more  complex,  as,  for  example,  21  18  16 

15  12  10 ,  or  I  49  16  25  36 ,    Twenty 

series  in  all  were  given  and  three  minutes  allowed. 

7.  The  Analogies  Test. — This  is  a  very  familiar  form  of 
intelligence  test,  and  most  investigators  have  found  it  very 
reliable.    It  can  be  used  for  testing  children  as  well  as  adults, 
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and  it  is  one  of  the  tests  embodied  in  the  Yerkes-Bridges 
Point  Scale.  In  the  test  the  subject  is  given  two  words 
standing  in  a  certain  relationship  to  one  another  ;  he  is  then 
given  a  third  word  and  asked  to  supply  the  word  which  bears 
the  same  relation  to  that  as  the  second  word  bears  to  the 
first.  In  the  American  Army  tests  the  examinee  was  required 
to  underline  the  right  word  out  of  four  words  given.  For 
example  :  bird-sings :  dog-fire  barks  snoiv  flag ;  or  father- 
son  :  vcioihex-aunt  nepheiv  daugJiter  sister;  or  past-present : 
yesterday-^o-^aj;  to-morrow  Christmas  gone.  Forty  analogies 
were  given  and  three  minutes  allowed. 

8.  The  General  Information  Test. — This  again  was  a 
familiar  test,  modified  in  a  rather  interesting  way  to  suit  the 
conditions  of  testing.  The  design  is  to  test  the  range  of  the 
examinee's  general  information.  There  is  a  considerable 
local  and  American  flavour  about  some  of  the  information 
required  in  the  Army  tests,  and  the  Britisher  would  accord- 
ingly be  rather  handicapped.  As  in  the  previous  test  four 
words  are  given,  the  examinee  being  required  to  underline 
the  right  word.     Thus  : 

Garnets  are  usually  yellow  blue  green  red ;  cerise  is  a  colour 
drink  fabric  food ;  pearls  are  obtained  from  mines  elephants 
reefs  oysters ;  the  ohm  is  used  in  measuring  rainfall  wind- 
poiver  electricity  water-power.  Forty  such  items  were  given 
and  the  time  allowed  was  four  minutes. 

On  the  basis  of  the  results  of  these  tests  the  American 
psychologists  classified  the  recruits  passed  into  the  army  into 
seven  grades  of  intelligence.  These  were  designated  A,  B, 
C-f-,  C,  C— ,  D,  D  — .  Grade  A  connotes  exceptionally  high 
intelligence,  represented  by  the  best  of  the  commissioned 
officer  class ;  grade  B  superior  intelligence,  represented  by  the 
non-commissioned  officer  class ;  grade  C  average  intelligence  ; 
and  grade  D  inferior  intelligence.  Grade  E  was  reserved  for 
those  examinees  who  were  not  passed  for  regular  service. 

Practically  all  who  came  into  contact  with  the  results  of 
this  great  testing  system  bear  unanimous  testimony  to  its 
efficiency  and  success.     It  has  indeed  completely  vindicated 
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the  claims  made  previous  to  the  war  by  the  advocates  of 
mental  testing,  that  the  psychologist  was  now  in  a  position 
to  measure  intelligence  with  sufficient  accuracy  and  certainty 
to  make  mental  measurement  practically  available  for  social 
and  economic  purposes.  Of  course  intelligence  is  not  the 
/only  factor  upon  which  efficiency,  social,  military,  or  indus- 
trial, depends,  but  it  is  one  very  important  factor.  We  know 
that  only  an  individual  of  a  high-grade  intelligence  is  capable 
of  learning  to  make  new  adjustments  rapidly,  that  no  matter 
how  good  his  intentions  may  be,  a  man  of  inferior  intelligence 
is  simply  incapable  of  performing  efficiently  certain  kinds  of 
work.  It  follows  that  if  a  man  has  to  be  selected  for  a  task 
of  considerable  complexity  or  special  responsibility,  it  is  only 
common  prudence  to  make  sure  of  the  necessary  grade  of 
intelligence,  and  it  is  only  sound  economy  to  do  this  before 
the  man  is  actually  tried  at  the  work  in  question,  if  that  be 
possible.  The  principle  indeed  holds  right  through.  A  man 
of  low-grade  intelligence  cannot  be  trusted  even  to  under- 
stand and  follow  directions.  To  put  a  D  grade  man  on  to 
work  that  demands  C  grade  intelligence  is  as  uneconomical  as 
to  put  a  C  grade  man  on  to  work  that  demands  A  grade 
intelhgence.  Not  merely  profits  and  output,  but  men's  lives, 
may  depend  on  it. 

Men's  lives  indeed  do  depend  on  their  being  placed  in 
practical  situations  appropriate  to  their  level  of  intelligence 
in  a  very  real  sense,  even  in  cases  where  the  mere  physical 
life  does  not  appear  to  be  involved  at  all.  It  is  a  very  narrow 
view  that  regards  human  life  as  mere  physical  existence.  One 
of  the  things  essential  to  a  life  that  is  worth  living  is  being 
equal  to  and  finding  pleasure  in  one's  daily  work.  This 
essential  condition  cannot  be  realized  by  a  C  grade  man  who 
is  expected  to  perform  B  grade  work,  or  by  a  B  grade  man 
who  is  only  put  to  C  grade  work,  while  it  may  be  realized  by 
a  C  grade  man  doing  C  grade  work,  or  by  a  B  grade  man  doing 
B  grade  work.  The  case  for  intelligence  testing  may  be  put 
on  this  basis  from  the  point  of  view  of  the  individual  worker. 
If  the  argument  is  not  so  impressive  as  that  resting  on  the 
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social  and  economic  basis,  nor  so  obvious  as  that  resting  on 
the  efficiency  basis  regarded  from  the  side  of  the  employer, 
it  is  still  deserving  of  being  taken  into  account. 

The  second  problem  recognized  by  the  psychologist  is  the 
problem  of  determining  an  individual's  suitability  for  a 
particular  industrial  task,  demanding  special  tastes  and 
aptitudes.  The  discussion  of  this  problem  must  be  reserved 
for  another  chapter. 


CHAPTER  III 
THE  VOCATIONAL  FITNESS  OF  THE  WORKER 

IN  the  previous  chapter  we  have  discussed  from  the 
economic  point  of  view  the  problem  of  mental  testing, 
for  the  purpose  of  determining  the  general  level  of  intelli- 
gence of  any  individual.  But  this  is  the  merest  introduction 
to  the  part  which  mental  testing  may  play,  and  is  destined 
to  play,  in  the  industrial  world.  When  an  individual  seeks 
employment,  the  employer  may  not  be  satisfied  with  the 
knowledge  that  the  individual  reaches  the  necessary  standard 
of  general  intelligence  ;  he  may  require  to  know  also  whether 
he  is  specially  fitted  for  the  kind  of  work  to  be  done.  In  fact, 
for  all  except  the  very  lowest  grades  of  manual  labour  this 
second  question  must  necessarily  arise  in  some  form  or  other. 
If  special  knowledge  or  special  skill  is  requisite,  evidence  is 
sought  as  to  the  possession  of  this  knowledge  or  skill.  If  the 
fitness  required  is  a  fitness  which  goes  deeper  than  mere 
knowledge  or  skill,  if  it  is  a  fitness  of  taste,  or  temperament, 
or  the  whole  personality,  the  economic  world  is  even  mere  at 
a  loss  than  in  the  case  of  general  intelligence.  It  may  be  that 
the  employee  is  to  be  taken  on  as  a  learner  of  a  particular 
economic  task.  But  economic  tasks  are  as  multifarious  as 
the  characteristics  and  qualities  of  the  individuals  com- 
posing the  world  of  humanity,  and  only  the  crudest  means 
have  in  the  past  been  available  to  enable  an  employer  to 
determine  whether  this  particular  individual  is  fitted  to  per- 
form this  particular  task,  or  to  learn  to  perform  it,  with 
reasonable,  to  say  nothing  of  maximum,  efficiency.  The 
determination  of  vocational  abilities  and  disabilities  thus 
becomes  a  further   problem   of    mental    testing  from   the 
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economic  point  of  view,  as  far  as  that  is  represented  by  the 
point  of  view  of  the  employer. 

But  the  solution  of  such  a  problem  is  as  important  from  the 
point  of  view  of  the  individual  employed  as  it  is  from  the  point 
of  view  of  the  employer,  and  it  is  also  important  from  the 
point  of  view  of  society  at  large.  The  young  person,  entering 
on  a  vocation,  has  obviously  little  opportunity  of  gaining  a  real 
knowledge  of  his  own  special  abilities,  is  often,  indeed,  not 
very  clear  regarding  even  his  own  tastes  and  inclinations. 
Too  often  he  is  guided  in  his  choice  of  a  vocation  by  what  is 
little  more  than  a  mere  whim,  by  imitation  of  his  companions, 
or  by  some  vague  idea  that  the  financial  or  other  prospects 
in  this  or  that  vocation  are  particularly  good.  Thus  he  is  i 
led  to  make  one  of  the  most  important  decisions  of  his  life  on 
grounds  that  are  entirely — sometimes  ludicrously,  sometimes 
lamentably — insufficient.  He  neither  knows  his  own  strength 
and  weaknesses,  nor  the  definite  requirements  for  success  in 
the  vocation  in  question.  And  when  the  knowledge  comes  to 
him  through  bitter  experience,  it  is  often  too  late.  Miinster- 
berg,i  cites  in  illustration  of  this  the  case  of  a  boy  with  a 
passion,  perhaps  real  enough,  for  the  hfe  of  a  sailor,  who  is 
quite  unfitted  for  such  a  life  by  the  fact  that  he  is  colour  bhnd, 
a  fact  of  which  he  is  himself  ignorant.  The  writer  has  in  mind 
exactly  such  a  case.  The  boy  had  been  several  years  at  sea, 
and  did  not  realize  that  his  colour- vision  was  defective  until 
(  he  went  up  for  examination  for  his  second-mate's  certificate. 
The  years  spent  at  sea  have  not  only  been  lost,  but  have 
largely  unfitted  him  for  other  vocations  he  might  have  entered 
five  or  six  years  ago.  Obviously,  as  Miinsterberg  points  out, 
"  similar  defects  may  exist  in  a  boy's  attention  or  memory, 
judgment  or  feehng,  thought  or  imagination,  suggestibility 
or  emotion,  and  they  may  remain  just  as  undiscovered  as  the 
defect  of  colour-blindness  ". 

It  has  thus  come  about  within  recent  years  that  a  demand 
for  some  means  of  testing  vocational  fitness,  more  adequate 
than  the  means  at  present  employed,  and  also  more  economi- 
^  "Psychology  and  Industrial  Efficiency  ". 
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cal,  has  arisen  from  three  distinct  sources — sources  evidently 
representing  the  three  main  interests  involved.  The  interest 
directly  of  the  individual,  and  indirectly  of  the  community, 
is  represented  by  the  setting  up  of  machinery,  more  especially 
in  America,  to  guide  choice  of  vocation  on  the  part  of  children 
leaving  school.  Probably  the  most  enlightened  of  the 
demands  for  an  adequate  system  of  testing  vocational  fitness 
arises  from  this  source.  The  more  direct  interest  of  the 
community  at  large  is  represented  by  the  various  institutions 
for  social  study  and  social  service,  which  in  different  forms 
are  to  be  found  in  most  civilized  countries  at  the  present 
time.  These,  stimulated  by  the  spectacle  of  social  wastage 
and  disaster  arising  directly  out  of  economic  failure,  dependent 
upon  a  wrong  initial  choice  of  vocation,  formulate  the  same 
demand  from  a  somewhat  different  point  of  view.  Finally 
the  interest  of  the  employer  is  represented  by  the  scientific- 
management  organizer  or  engineer,  who  in  seeking  out 
methods  of  increasing  working  efficiency  has  come  upon  the 
problem  of  the  vocational  misfit,  absolute  or  relative,  and 
wishes  to  find  some  means  by  which  this  defect  in  economic 
organization  can  be  eliminated.  This  has  in  the  past  been 
the  least  enlightened  of  the  demands  for  vocational  tests, 
and  that  in  spite  of  the  fact  that  the  scientific-management 
engineer  has  brought  practical  knowledge  of  the  prevailing 
industrial  conditions  to  bear  on  the  problem,  and  in  spite 
of  the  valuable  and  important  progress  to  which  scientific 
management  has  led  in  other  directions. 

The  demand  was  present  and  articulate  long  before  the 
psychologist  was  in  a  position  to  attempt  to  meet  it.  Before 
the  days  of  laboratory  psychology,  indeed,  one  school  of 
psychology — the  phrenologists — acknowledged  the  duty  of 
the  science  with  respect  to  this  practical  demand,  and  at 
least  deserves  the  credit  of  having  mad^  an  attempt  to 
perform  the  service.  "  I  cannot  too  earnestly  repeat,"  says 
George  Combe,  "  that  the  principles  now  illustrated  are 
practical  and  important.  If  any  one  require  the  assistance 
of  a  human  being,  let  him  be  assured  that  attention  to  the 
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three  elements — of  temperament,  development  of  mental 
organs,  and  education  or  training — will  afford  him  more 
certain  information  regarding  the  inherent  qualities  of  the 
subject  and  his  practical  capacities,  than  certificates  of 
character  and  attainments  such  as  are  commonly  relied  on."' 
In  fact,  take  out  George  Combe's  phrenology,  and  much  that 
he  wrote  on  this  subject  might  be  written  by  a  present-day 
psychologist.  Since  the  failure  of  the  phrenologist  many 
other  attempts  at  vocational  diagnosis  have  been  made  with 
foundations  even  more  fantastic. 

Scarcely  less  fantastic  were  some  of  the  efforts  and  some 
of  the  claims  of  the  earlier  advocates  of  scientific  manage- 
ment. Thus  Emerson,  with  the  clearest  recognition  of  the 
problem  and  its  psychological  nature,  ^  goes  so  far  as  to  say : 
"  The  competent  specialist  (psychologist  ?)  who  has  supple- 
mented natural  gifts  and  good  judgment  by  analysis  and 
synthesis  can  perceive  attitudes  and  proclivities  even  in  the 
very  young,  much  more  readily  in  those  semi-matured,  and 
can  with  almost  infallible  certainty  point  out,  not  only  what 
work  can  be  undertaken  with  fair  hope  of  success,  but  also 
what  slight  modification  or  addition  and  diminution  will 
more  than  double  the  personal  power  ".^  These  are  simply 
words  concealing  the  barrenness  of  his  practical  ideas  on  the 
subject,  and  attributing  to  the  psj^chologist  powers  which 
at  the  time  he  wrote  would  have  been  nothing  short  of  mira- 
culous, and  which  even  to-day,  with  all  the  progress  in 
accuracy  of  testing  made  during  recent  years,  no  psychologist  of 
standing  would  dare  to  lay  claim  to — or  if  he  did,  would  lay 
himself  open  to  the  ridicule  of  all  his  psychological  colleagues. 
What  is  the  real  position  of  the  applied  psychologist  at 
the  present  day  as  regards  the  solving  of  the  problem  of 

^  George  Combe,  "  System  of  Phrenology",  vol.  II,  p.  318. 

^  He  says  also  for  example,  in  his  "  Efficiency  as  a  Basis  for  Operation 
and  Wages  "  :  "  It  is  psychology,  not  soil  or  climate,  that  enables  a 
man  to  raise  five  times  as  many  potatoes  per  acre  as  the  average  in 
his  own  state  ". 

2  Quoted  from  Miinsterberg :  "  Psychology  and  Industrial 
Efficiency",  p.  53. 
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^  I  testing  vocational  fitness,  and  satisfying  the  demands  arising 
'^  from  the  various  sources  mentioned  ?     Progress  is  still  being 
"  j  made  from  year  to  year,  and  even  from  week  to  week,  but 
''  I  the  situation  is  now  sufficiently  stable  to  render  description 
'  i  possible,  and  the  changes  still  taking  place  are  changes  of 
t  i  detail,  not  in  general  principles.     Miinsterberg,  writing  at 
!  { the  beginning  of  the  present  development,  pointed  out  that 
1' '  there  were  two  methods  of  approach  open  to  the  psychologist, 
J  i  what  might  be  called  an  analytical  method  and  a  synthetical 
I  method.     Starting  in    both  cases    from    the    actual    work 
■  I  requiring  to  be  done  in  the  vocation,  the  psychologist  may 
•  either  analyse  that  work  into  its  elementary  processes,  and 
then  employ  recognized  psychological  tests,  or  devise  new 
tests,  to  test  ability  in  each  of  these  processes,  or  the  psycholo- 
gist  may  proceed    to   devise  a   laboratory  test  which  will 
present  to  the  subject  a  complex  situation  more  or  less 
analogous  to  the  situation  presented  in  the  actual  work. 
The  first,  or  analytical,  method  of  approach,  or  some  modifi- 
cation of  it,  is  that  which  has  been  as  a  matter  of  fact  usually 
adopted.     Recognized  psychological  tests  are  taken,  which 
are  presumably  tests  of  abilities  involved  in  the  particular 
work  ;    with  these  tests  a  number  of  workers  are  tested  ; 
their  performance  in  the  tests  is  compared  with  their  perfor- 
mance in  the  work  itself ;    and  on  the  basis  of  the  results 
obtained,  those  tests  are  selected  which  show  the  greatest 
agreement  as  regards  the  relative  placing  of  the  individuals 
with  their  proved  working  efficiency.     Such  has  been  the 
method   usually   adopted   in   practice    to   obtain   standard 
vocational  tests. 

But  we  must  consider  the  various  methods  in  fuller  detail. 
Let  us  examine  this  analytical  method  somewhat  more  care- 
fully. It  may  be  made  to  illustrate  important  principles  of 
testing  which  are  valid  whatever  method  we  adopt.  Suppose 
we  wish  to  select  a  series  of  tests  for  typists  by  this  usual 
method.  We  select  as  likely  tests  those  recognized  tests 
which  appear  to  involve  mental  and  motor  processes  of  the 
kind  involved  in  typewriting.    Let  us  suppose  that  the  tests 
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we  have  selected  are  :  the  substitution  test  (letters),  the 
cancellation  test,  the  memory  span  test  (digits  or  syllables), 
the  interference  test  (colour-naming),  reaction  time,  anci 
two  association  tests,  action-agent  and  verb-object.  We 
have,  that  is  to  say,  selected  altogether  seven  tests  for  triali 
Some  of  these  tests  have  not  been  mentioned  before,  and 
therefore  require  some  little  explanation.  In  the  substitution' 
test  (letters)  the  subject  is  presented  with  a  blank  headed 
with  a  design  somewhat  similar  in  appearance  to  the  keyboard 
of  a  typewriter,  composed  of  circles  in  each  of  which  there 
is  a  letter  and  a  number.     Thus  : 

©  ©©©©© 

Underneath  there  is  a  piece  of  continuous  prose.  The  test 
consists  in  substituting  for  the  letters  the  corresponding 
figures  as  given  in  the  keyboard  above.  The  score  of  the 
subject  is  given  by  the  number  of  substitutions  made  in  a 
definite  time — say  three  minutes — the  necessary  deductions 
being  made  for  errors.  The  cancellation  test  is  a  very 
familiar  one.  It  may  take  several  forms  according  to  the 
nature  of  the  material  used.  Generally  the  material  consists 
of  ordinary  printed  prose,  as  in  the  leading  articles  of  a 
newspaper.  The  subject  is  asked  to  draw  his  pencil  through 
all  the  "  e's  ",  or  the  "  e's  "  and  "  a's  ",  or  all  the  vowels,  as 
rapidly  and  accurately  as  possible,  and  his  score  is  given  by 
the  work  done  in  a  given  time,  deduction  being  made  for 
errors  and  omissions  according  to  some  definite  principle. 
In  place  of  ordinary  printed  material,  prepared  blanks  with 
lines  of  letters — printers'  pie — may  be  employed.  Or  rows 
of  digits  may  be  substituted  for  the  letters,  and  the  subject 
asked  to  cancel  certain  digits.  Memory  Span  Tests  have 
already  been  described.  The  interference  test  (colour 
naming)  consists  in  asking  the  subject  to  name  as  rapidly 
as  possible  the  colours  shown  in  small  squares  arranged  in 
a  series  of  lines,  each  line  containing  the  same  number  of 
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colours.    The  time  is  taken  for  each  hne  separately  and  the 
errors  noted. 

j     For   measuring    reaction  time  with  any  great  degree  of 
accuracy  laboratory  equipment  is  necessary.     The  measure- 
ment is  usually  done  in  the  laboratory  with  the  Wheatstone- 
:  Hipp  Chronoscope  which  measures  in  thousandths  of  a  second. 
;A  lair  approximation  can,  however,  be  obtained  with  com- 
iparatively  simple  apparatus.     It  must  be  explained  that  an 
j  individual's  reaction  time  is  the  time  he  takes  to  respond  to 
a  simple  signal.     He  is  asked  to  depress  a  key,  or  to  raise 
his  finger  from  a  key,  or  to  speak  a  word,  when  he  hears 
a  sound,  or  sees  a  colour  or  a  word  exposed.     The  time  taken 
I  to  respond,  say  to  a  visual  stimulus,  is  so  short — a  fifth  of 
a  second  or  thereby — that  the  ordinary  stop-watch  is  not 
sufficiently  delicate  to  record  the  slight  differences  we  find. 
jSanford's  Vernier  Pendulum,  however,  which  can  be  simply 
and  easily  constructed,  enables  us  to  read  with  fair  accuracy 
fiftieths  or  even  hundredths  of  a  second.     This  apparatus 
consists  of  two  pendulum  bobs  suspended  by  threads  to  the 
same  rod.     The  length  of  the  suspending  thread  is  adjustable 
in  each  case.     If  we  adjust  the  one  pendulum  to  swing  75 
times  a  minute  and  the  other  to  swing  77  times,  then  the 
difference  in  time  between  a  single  swing  of  the  one  and  a 
single  swing  of  the  other  is  a  fiftieth  of  a  second.     We  now 
arrange  that  the  slower  pendulum  is  released  when  the  signal 
I  is  given,  and  the  response  of  the  subject  releases  the  faster. 
Obviously  the  latter  starts  swinging  behind  the  former,  but 
:it  gains  a  fiftieth  of  a  second  every  swing,  and  if  we  count 
ithe  number  of  swings  till  the  two  are  swinging  together  we 
[have  the  number  of  fiftieths  of  a  second  that  the  faster 
pendulum  was  behind  at  the  start,  that  is  the  number  of 
fiftieths  of  a  second  it  took  the  subject  to  respond  to  the 
'  signal.     Of    course    the    apparatus    requires    considerable 
practice  in  its  use  on  the  part  of  the  experimenter  before 
reliable  results  can  be  guaranteed. 

Association  tests  of    many  different  types  are  used  in 
experimental  and  applied  psychology.     In  all  such  tests  the 
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subject  is  asked  to  reply  to  a  given  word — the  stimulus^ 
with  another  word  suggested  by  it.  In  "  free  "  associatior 
tests  the  subject  may  reply  with  any  word,  but  in  associatior 
tests  where  the  association  is  either  partly  or  entirely  "  con- 
strained "  the  response  word  must  stand  in  a  certain  relatior 
to  the  stimulus  word.  In  the  latter  tests  we  submit  to  the 
subject  a  definite  mental  problem  varying  in  difiEicultj 
according  to  circumstances.  Action-agent  and  verb-objecl 
indicate  the  relationships  required  in  the  association  tests 
we  are  at  present  employing.  In  the  first  case  the  stimulus 
word  designates  a  certain  action,  and  the  response  must  be 
the  agent  performing  that  action.  In  the  second  case  tht 
stimulus  word  is  a  transitive  verb,  and  the  respons?  must  be 
an  object  of  that  verb. 

Our  selected  tests  must  be  "  tried  out,"  as  the  Americans 
say.  This  is  done  by  getting  a  number  of  practised  typists 
— say  20 — and  testing  them  with  the  tests.  We  thus  get  a 
measurement  of  their  efficiency  in  each  of  the  tests.  These 
measurements  we  correlate  with  the  actual  typewriting 
efficiency,  expressed  in  quantitative  terms,  calculating  what 
is  known  as  the  correlation  coefficient.^  The  correlation 
coefficient  indicates  the  extent  to  which  two  series  of  measure- 
ments vary  concomitantly  with  one  another,  and  therefore 
presumably  depend  upon  the  operation  of  the  same  causal 
factor  or  factors.  Perfect  correlation  is  represented  by! 
unity,  and  degree  of  correlation  is  always  indicated  by  the 
fraction  of  unity.  Let  us  suppose  that  we  get  some  such 
result  as  the  following  : 


Test 
Cancellation 

Correlation  with  Typewriting 
Efficiency 

..     -52 

Substitution 

• . 

..         ..     -96 

Memory    Span 

(syllables) 

•  ■     '52 

^  The  calculation  of  the  correlation  coefficient  requires  the  use  of 
a  mathematical  formal;.,  and  in  some  cases  a  considerable  amount  of 
arithmetical  work.  The  student  who  is  interested  may  find  the 
discussion  of  correlation  in  Brown  s  "  Mental  Measurement  "  useful. 
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Test                                      Correlation  with  Typewriting 

Efficiency 

Interference      . . 

..      -40 

Reaction  Time  (visual) 

..        25 

Association  (Action-agent) 

••     "43 

Association  (Verb-object) 

••      55 

All  the  results  are  obtained  from  actual  experimental  data. 
As  correlation  coefficients  go,  these  are  all  fairly  high  with 
the  exception  of  that  for  reaction  time.  This  means  that 
reaction  time  may  be  regarded  as  of  practically  no  significance 
in  diagnosing  typewriting  abihty.  Hence  we  can  set  aside 
that  test.  The  interference  test,  showing  the  lowest  coeffi- 
cient of  the  others,  may  be  retained  as  testing  a  function 
different  from  that  tested  by  any  of  the  other  tests,  and 
apparently  entering  to  a  considerable  extent  into  typewriting 
ability.  By  far  the  best  test  of  all,  according  to  our  results, 
is  the  substitution  test.  That  was  to  be  expected,  seeing 
that  practice  in  typewriting  should  itself  involve  gain  in 
ability  to  do  a  test  of  this  sort,  and  all  our  subjects  are  prac- 
tised typists.  It  does  not  follow  that  the  substitution  test 
would  show  a  similarly  high  correlation  with  typewriting 
ability  in  embryo.  In  any  case  we  have  six  tests  by  means 
of  which  we  may  apparently  with  some  degree  of  confidence 
test  the  various  elements  involved  in  that  particular  ability. 

Miinsterberg  employed  this  same  method  of  procedure  in 
testing   candidates   for   the   telephone   service.     He   tested 

memory,  attention,  intelligence,  exactitude,  and  rapidity".^ 
The  tests  he  employed  were  the  memory  span  (digits)  test, 
the  cancellation  test,  an  association  (mixed  relations  or 
analogies)  test,  the  bisection  of  hnes  test,  a  rapidity  of 
I  movement  test,  an  aiming  test,  and  a  free  association 
test.  In  order  to  grade  the  subjects  on  the  results  of  all 
the  tests,  Miinsterberg  graded  them  for  each  test  separately, 
and  then  took  the  average  grading  in  all  the  tests  as  the 
final  grade.  This  procedure  is  of  course  open  to  the  serious 
1  "  Psychology  and  Industrial  Efficiency  ',  p.  loi. 
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objection  that  it  involves  giving  equal  weight  to  all  the  tests, 
when  the  different  elementary  processes  tested  may  be,  and 
most  probably  are,  of  different  importance  in  the  complex 
result,  but  it  has  at  least  the  merit  of  convenience  and  simpli- 
city, and  it  is  a  comparatively  easy  matter  to  weight  any 
test  or  test  to  any  desired  amount.  On  the  other  hand  it 
means  the  substitution  of  practical  rule  of  thumb  for  exact 
mathematical  methods,  and  so  far  cannot  prima  facie  claim 
the  same  scientific  validity  as  the  results  obtained  by 
emplojdng  the  correlation  coefficient.  Miinsterberg's  subjects 
were  all  employees  of  a  telephone  company,  and  their  grading 
in  the  tests  as  thus  obtained  was  compared  with  their  grading 
for  efficiency  by  the  telephone  company  after  three  months' 
service.  Unknown  to  the  investigator,  the  company  when 
selecting  the  subjects  to  be  tested  had  included  some  of  their 
most  efficient  operators.  The  result  was  a  complete  vindi- 
cation of  the  psychological  tests.  The  tests  placed  these 
subjects  at  the  top.  Further,  those  who  were  at  the  bottom 
of  the  list  in  the  tests  had  already  in  the  three  months  been 
found  inefficient  by  the  company.  Of  course  there  were 
some  discrepancies  between  the  test  order  and  the  practical 
efficiency  order  because  of  the  sources  of  error  by  which 
either  of  the  gradings  might  be  affected.  The  experiment, 
however,  showed  conclusively  that  a  few  minutes'  testing 
with  appropriate  tests  could  determine  the  probable  efficiency 
of  a  telephone  operator  with  an  accuracy  at  least  equal  to 
that  of  a  determination  based  on  three  months'  trial. 

It  must  not  be  supposed  that  the  problems  of  vocational 
testing  have  been,  or  can  be,  completely  solved  in  this  way. 
To  rely  on  standard  tests  and  correlation  coefficients  is  after 
all  a  "  hit-or-miss  "  proceeding,  and  cannot  be  considered 
adequate  or  satisfactory,  even  when  regarded  in  the  most 
favourable  light.  We  shall  require  to  consider  this  subject 
again  later  on.  In  the  meantime  it  may  be  pointed  out  that 
adequate  vocational  testing,  unless  for  the  most  general 
purposes,  presupposes,  in  the  first  place,  adequate  analysis 
of  the  special  vocational  task,  and,  in  the  second  place,  the 
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ability  to  adequately  test  the  various  factors  our  analysis, 
has  revealed.  A  great  deal  of  work  still  remains  to  be  done 
before  either  of  these  preconditions  can  be  held  to  be  satisfied 
for  all  the  practical  situations  that  must  be  met.  The 
industrial  psychologist  is,  however,  awake  to  all  the  different 
problems.  The  problem  of  devising  tests  does  not  as  a  rule 
present  serious  difficulty.  If  standard  psychological  tests 
are  not  available,  then  special  tests  can  be  devised  for  the 
special  need,  and  as  industrial  psychology  develops  this 
task  is  likely  to  be  taken  in  hand  in  different  fields.  During 
the  war  analogous  tasks  were  taken  in  hand  by  the  psycho- 
logists in  various  countries  to  test  candidates  for  special 
kinds  of  work.  In  our  own  Air  Service,  for  example,  such 
tests  were  employed,  where  it  was  necessary  to  supplement 
the  usual  tests  which  the  psychological  laboratory  could 
supply.  Similar  work  was  done  in  the  selection  of  candidates 
to  be  trained  for  hydrophone  work  against  submarines. 
Standard  mental  tests  by  no  means  exhaust  the  resources 
of  the  psychological  laboratory.  In  America  considerable 
progress  has  been  made  in  devising  tests  for  those  capacities 
which  go  to  make  the  successful  salesman.  For  example 
the  ability  to  remember  and  recognize  faces  would  appear 
to  be  one  such  capacity,  and  an  American  psychologist  devised 
a  simple  test  with  photographs  to  test  this  capacity.  But  the 
adequate  analysis  of  the  vocational  task  may  present  much 
more  serious  difficulties.  We  will  return  to  that  presently. 
The  synthetic  method  of  procedure,  which  is  one  way  of 
avoiding  these  difficulties,  consists,  as  we  have  said,  in 
presenting  to  the  subject  a  complex  situation  more  or  less 
analogous  to  the  situation  normally  presented  by  the  real 
vocational  task.  This  method  is  best  illustrated  by  one  of 
Miinsterberg's  experiments.  The  object  was  to  test  an 
individual's  fitness  for  the  position  of  electric  car  driver. 
Two  points  interested  the  car  company  on  whose  behalf 
Munsterberg  was  working.  On  the  one  hand  they  required 
drivers  who  would  drive  at  a  reasonably  rapid  rate.  On  the 
other  hand  they  required  drivers  who  would  avoid  accidents. 
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The  two  qualities  may  obviously  be  in  some  respects  incon- 
sistent with  one  another,  but  the  limits  of  efficiency  on  both 
sides  are  fixed  by  the  conditions  of  practical  life.  By  slow 
and  careful  driving  it  may  be  possible  to  avoid  accidents 
altogether,  but  a  certain  speed  must  be  maintained,  and  the 
driver  who  is  too  slow  must  therefore  be  regarded  as  inefficient, 
independently  of  the  fewness  of  accidents.  In  the  same  way, 
a  man  may  be  a  very  fast  driver,  but  have  so  many  accidents 
as  to  be  altogether  too  expensive  for  the  company. 

In  order  to  solve  the  problem  of  measuring  beforehand  in 
the  laboratory  the  probable  efficiency  as  a  car-driver  of  any 
individual,  Miinsterberg  devised  a  very  ingenious  test 
presenting  very  much  the  same  kind  of  situation  with  which 
the  car-driver  is  actually  faced  in  practical  life.  He  took 
a  card  and  divided  it  into  squares,  26  lengthwise,  and  9 
crosswise.  At  either  side  of  the  central  row  of  squares  he 
drew  heavy  lines  to  indicate  the  car  lines.  The  four  rows 
of  squares  on  either  side  were  occupied  irregularly  with  the 
numbers  i,  2,  and  3,  in  red  or  in  black,  no  square  having 
more  than  one  number  occup3dng  it.  The  numbers  had 
definite  significations.  Number  i  meant  a  pedestrian, 
number  2  a  horse,  number  3  a  motor.  The  pedestrian  was 
supposed  to  be  able  to  move  one  square,  the  horse  two  squares, 
the  motor  three  squares,  while  the  car  was  coming  up  and 
passing.  The  black  colour  indicated  traffic  moving  parallel 
to  the  car  lines,  and  these  numbers  therefore  only  concerned 
the  car  driver  as  distracting  elements.  The  red  colour 
indicated  traffic  moving  so  as  to  cross  the  car  lines.  A  red 
I  therefore  on  the  row  next  the  lines,  a  red  2  in  the  second 
row,  a  red  3  in  the  third  row  from  the  lines,  would  be  on  the 
lines  when  the  car  came  to  that  point,  and  the  corresponding 
square  therefore  represented  a  danger  point.  Each  square 
on  the  car  line  was  lettered  from  A  to  Z,  as  the  case  might  be. 

Twelve  such  cards,  each  provided  with  a  handle  by  which 
it  could  be  removed  by  the  experimenter,  so  as  to  expose 
the  next,  were  laid  one  upon  another  under  a  sheet  of  glass, 
against  which  they  were  pressed  by  a  spring  underneath. 
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Over  the  glass  passed  a  belt  of  black  velvet,  with  suitable 
openings  at  intervals,  so  as  to  enable  the  subject  to  see  the 
whole  breadth  of  the  cards  for  five  rows  of  squares.  This 
belt  was  moved  by  a  handle  which  was  turned  by  the  subject 
at  his  own  rate.  He  started  with  the  first  card,  and  moving 
the  belt  while  he  observed  through  the  opening,  he  called 
out  the  danger  points,  the  letters  being  recorded  by  the 
experimenter.  When  the  card  was  completed  the  experi- 
menter withdrew  it,  exposing  the  next,  and  at  the  same  time 
the  next  window  came  into  position  to  enable  the  subject 
to  begin  at  the  beginning  once  more,  and  observe  the  new 
card  in  the  same  way  as  the  previous  one.  The  whole  series 
of  twelve  was  worked  through  in  this  way,  the  total  time 
for  the  series  being  recorded. 

The  results  of  the  experiment  were  expressed  in  three 
numbers,  the  first  representing  the  time  taken,  the  second 
the  danger  points  omitted,  the  third  the  letters  wrongly 
called,  that  is  when  there  was  no  danger.  Miinsterberg 
neglected  the  last — wrongly  it  appears  to  the  writer  since, 
under  the  conditions  of  practical  life,  these  represented 
unnecessary  slowing  of  the  rate  of  movement  that  would 
not  be  represented  in  the  time  under  experimental  conditions 
— and  he  expressed  the  efficiency  of  each  individual  by  adding 
the  time  taken  to  ten  times  the  number  of  omissions,  thus 
reckoning  one  omission  as  equal  to  ten  seconds  extra  time. 
Absolute  inefficiency  in  regard  to  the  occupation  of  car-driver 
would  then  be  represented  by  a  number  exceeding  a  limit 
determined  in  relation  to  the  normal  or  best  performance, 
and  this  limit  might  be  exceeded  either  by  too  long  time 
being  taken,  or  by  too  many  omissions  being  made,  or  by  a 
combination  of  these  defects.  Actually  Miinsterberg  took 
certain  arbitrary  limits  of  efficiency,  both  as  regards  time, 
and  as  regards  number  of  omissions,  but  there  is  obviously 
no  need  for  this  arbitrariness,  since  the  conditions  of  the 
experiment  itself  can  be  made  to  supply  the  limits. 

A  most  interesting,  and  oft-quoted,  example  of  the  way  in 
which  psychological  testing  may  lead  to  important  economic 
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results  is  given  by  one  of  the  scientific-management  engineers. 
Taylor  relates  how  S.  E.  Thompson  tested  girls  working  in 
a  bicycle  ball  factory  by  taking  their  reaction  time.  The 
work  of  the  girls  in  the  factory  consisted  in  picking  out 
defective  balls.  They  placed  the  balls  on  the  back  of  the 
fingers  on  the  left  hand,  examined  them  in  a  good  fight,  and 
picked  out  by  means  of  a  magnet  in  the  right  hand  those 
they  perceived  to  be  defective.  One  hundred  and  twenty 
girls  were  thus  employed.  Thompson  eliminated  all  who 
showed  a  comparatively  long  reaction  time.  Though  this 
apparently  involved  removing  some  of  the  most  industrious 
and  reliable  of  the  girls,  it  ultimately  led  to  the  work  pre- 
viously done  by  the  hundred  and  twenty  being  done  by 
thirty-five,  with  a  sixty  per  cent  gain  in  accuracy.  The 
wages  of  the  girls  were  nearly  doubled,  the  working  hours 
reduced  from  io|  to  8J  per  day,  and  the  cost  of  manufacture 
to  the  company  considerably  diminished. 


CHAPTER  IV 

SCIENTIFIC   MENTAL   ENGINEERING   AND   ITS 
ORGANIZATION 

IT  can  scarcely  be  too  often  reiterated  that  we  are  merely 
at  the  beginning  of  an  applied  psychology  of  industry, 
as  far  as  vocational  testing  is  concerned.  There  is  grave 
danger  lest  the  undoubtedly  great  success  which  has  attended 
the  efforts  of  scientific-management  engineers  and  those  of 
the  American  Army  psychologists,  and  the  equally  great 
ignorance  on  the  part  of  the  industrial  community  regarding 
things  psychological,  should  lead  to  an  uncritical  attitude 
towards  mental  tests  and  their  present  possibilities,  which 
can  only  spell  disaster  in  the  long  run.  Much  has  been 
achieved,  but  much  is  still  to  do,  before  the  genuinely  scientific 
psychologist  can  be  satisfied  with  the  situation.  A  few  years 
ago  the  psychologist  could  not  get  the  industrial  world  to 
listen  to  him  at  all  ;  when  he  spoke  of  the  possible  applications 
of  mental  tests  in  industry  or  in  business,  he  was  met  on  all 
hands  with  an  incredulous  smile  and  a  shrug  of  the  shoulders. 
All  that  has  changed.  The  demand  from  the  same  quarter 
for  psychological  service  has  become  insistent,  and  tends  to 
be  somewhat  embarrassing.  The  uncritical  attitude  has 
swung  round  to  the  other  extreme.  It  is  well,  therefore,  that 
the  exact  position  should  be  made  perfectly  clear,  and  that 
the  requirements  of  this  branch  of  applied  psychology,  in 
order  to  secure  assured,  steady,  and  continuous  progress  in 
the  future,  should  be  definitely  known. 
^  The  first  essential  is  that  there  should  be  close  co-operation, 
not  only  among  psychologists,  but  between  psychologists 
and  representatives  of  the  practical  interests  involved,  the 
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interests  both  of  the  management  and  of  the  worker.  As 
regards  co-operation  among  psychologists,  that  scarcely 
requires  argument.  The  task  is  not  a  task  for  one  psycho- 
logist, or  two  or  three  psychologists,  but  for  the  whole  psycho- 
logist strength  of  a  nation  or  even  of  the  civilized  world. 
One  of  the  results  of  the  present  movement  will  most  certainly 
be  the  estabhshing  of  a  new  profession,  the  profession  of 
"  psychologist  "  ;  and  the  establishing  of  a  new  profession  on 
a  broad  and  firm  basis  is  no  mean  task.  Moreover  the 
development  of  "  mental  engineering  "  is  a  national  service 
of  the  first  order  of  importance.  As  one  of  the  American 
psychologists  has  put  it  :  "If  some  other  country  with  more 
permanent  policies  should  take  up  the  mental  analyses  where 
we  have  left  them,  and  develop  a  real  military  psychology, 
they  would  have  a  military  instrument  vastly  more  effective 
than  42-cm.  guns  ".^  The  same  kind  of  thing,  with  still  more 
emphasis,  could  be  said  regarding  industrial  psychology. 
The  same  psychologist  goes  on  to  say  :  ' '  Whether  the  recon- 
struction is  military  or  non-military,  the  need  of  co-operative 
studies  of  vital  mental  problems  and  of  co-operative  efforts 
at  scientific  mental  engineering  will  certainly  not  be  less 
important  for  society  than  the  scientific  and  engineering 
problems  that  concern  material  things  ". 

But  the  co-operation  of  the  practical  man  is  no  less  essential. 
The  psychologist  working  alone  cannot  wholly  determine 
either  the  practical  problems  involved,  or  the  practical 
adequacy  of  the  solutions  he  proposes.  While  the  psycho- 
logist can  perhaps  lay  down  the  general  lines  of  industrial 
psychology,  the  numerous  special  problems  presented  by 
each  particular  industry  can  only  be  clearly  defined  by  those 
who  have  actual  working  experience  of  the  industry.  The 
same  principle  holds  of  all  branches  of  applied  psychology. 
The  general  lines  of  the  science  may  be  laid  down  by  the 
psychologist  ;  the  numerous  special  problems  must  be 
determined  by  those  who  have  practical  experience  of  the 
branch  of  activity  which  is  studied,  be  it  education,  medicine, 
^  "  Mental  Tests  in  the  American  Army  ",  p.  204. 
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or  business.  There  must  be  co-operation,  therefore,  between 
psychologist  and  practical  man.  Neither  can  do  without 
the  other,  and  neither  can  take  the  place  of  the  other.  Per- 
haps the  psychologist  has  in  the  past  been  less  likely  to  forget 
this  than  the  practical  man.  For  it  does  not  take  the  psycholo- 
gist long  to  discover  in  actual  experimental  work,  that 
processes  and  factors  he  had  considered  most  important  on 
a  priori  grounds  may  be  relatively  insignificant  in  the  ultimate 
outcome  compared  with  factors  which  in  his  ignorance  of 
the  details  of  the  complex  process  he  had  entirely  overlooked. 
On  the  other  hand,  the  practical  man,  with  his  practical 
experience  of  the  work  and  its  outcome,  has  in  the  past  been 
much  more  apt  to  despise  the  elaborate  technique  of  the 
experimental  psychologist.  He  has  readily  acknowledged 
the  importance  of  the  expert  knowledge  and  skill  of  the 
trained  chemist  or  electrician,  but  it  has  until  very  recently 
been  a  much  more  difficult  matter  to  get  him  to  defer  in  the 
same  way  to  the  trained  experimental  psychologist.  Psycho- 
logy had  first  to  make  good  its  footing.  It  is  by  no  means 
certain  that  this  phase  of  the  situation  is  wholly  past  yet, 
but  it  is  rapidly  passing. 

In  the  sphere  of  vocational  testing  the  special  work  for 
which  there  is  most  pressing  need  at  the  present  time  is  the 
attainment  of  definite  knowledge  regarding  the  various 
physical  and  mental  requirements  of  various  industrial  and 
economic  tasks.  The  psychologist's  own  special  task  is 
necessarily  held  up  until  such  knowledge  is  available.  This 
is  precisely  the  kind  of  work  in  which  the  co-operation  of 
the  practical  man  is  most  essential.  The  experience  of  the 
past  few  years  has  shown  that  it  is  a  comparatively  simple 
matter  to  secure  the  co-operation  of  employers  and  managers. 
Accumulating  evidence  can  easily  be  brought  forward  to 
show  the  great  increase  in  output  and  diminution  in  expenses 
that  have  followed  upon  systematic  vocational  testing  and 
placement  in  individual  instances  where  tests  have  been 
applied.  But  there  has  hitherto  been  a  tendency  on  the  part 
of  the  worker  to  regard  the  intervention  of  the  psychologist 
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with  suspicion.  No  satisfactory  progress  is  possible  until 
this  suspicion  is  removed.  The  co-operation  of  the  workers 
themselves  is  no  less  important  than  the  co-operation  of  the 
management.  It  ought  to  be  made  quite  clear  that  the 
psychologist  is  not  working  in  the  interest  of  the  employer, 
but  in  the  interest  of  the  industry  at  large,  of  the  community, 
and  of  humanity.  As  a  psychologist  he  is,  as  we  have  already 
said,  concerned  solely  with  an  impartial  study  of  the  facts. 
Knowledge  of  the  facts  is  as  much  in  the  interest  of  the  worker 
as  of  the  employer.  "  Facts  are  chiels  that  winna  ding  " 
is  a  popular  saw  in  Scotland,  that  might  be  taken  as  a  motto 
by  all  science,  and  not  least  by  industrial  psychology.  Know- 
ledge of  the  facts  of  vocational  fitness  and  unfitness  cannot 
be  regarded  as  the  privilege  and  the  interest  of  any  particular 
class  in  the  community.  Not  only  is  the  success  of  any 
industry  in  the  long  run  the  concern  of  the  worker  as  much 
as  of  the  employer,  but  success  or  failure  in  one's  life  vocation 
touches  the  worker  even  more  intimately,  and  industrial 
prosperity  as  well  as  individual  happiness  and  content  is 
the  concern  of  every  member  of  the  community. 

In  order  to  make  this  co-operation  effective  it  is  desirable 
that  a  central  institute  or  bureau  of  industrial  psychology 
should  be  established — preferably  independently  of  govern- 
ment control  and  of  the  civil  service — and  that  the  council 
of  this  institute  should  adequately  represent  the  different 
interests  involved,  not  merely  the  interest  of  the  psychologist 
but  that  of  the  practical  man  as  well,  and  not  merely  the 
interest  of  the  employer  but  that  of  the  employee  also.^ 
The  function  of  such  a  central  institute  should  be  in  the  first 
instance  to  co-ordinate  research  bearing  on  all  the  human 
problems  demanding  solution  in  industrial  life.  But  it  must 
not  only  co-ordinate  research  ;  it  must  also  initiate  research. 
In  order  to  perform  adequately  this,  the  most  responsible 
of  its  functions,  the  institute    must  rely  on  the  real,  and 

1  The  National  Institute  of  Industrial  Psychology  in  this  country 
is  such  a  body,  and  ought  to  represent,  and  receive  the  support  of,  the 
interests  involved,  the  psychologist,  the  employer,  and  labour. 


SCIENTIFIC  MENTAL  ENGINEERING        48 

not  merely  the  nominal,  co-operation  of  employer  and  worker 
alike.  Practically  this  would  probably  mean  that  the 
council  of  the  institute  should  be  in  direct  touch  both  with 
employers'  federations  and  with  trade  unions,  or  at  least 
with  corresponding  bodies,  and  these  bodies  in  turn  would 
direct  part  of  their  activities  towards  work  along  the  lines 
of  industrial  psychology.  A  third  function  of  the  central 
institute  would  be  to  exercise  some  kind  of  supervision  over 
the  training  and  qualifications  of  those  psychologists  who 
undertook  industrial  work. 

This  central  institute  would  also  act  as  the  heart  and 
brain  of  a  complex  organization  directed  towards  the  practical 
application  in  industry  and  commerce  of  the  results  of  all 
research  and  of  all  knowledge  bearing  upon  the  welfare  and 
efficiency  of  the  human  element.  What  might  be  described 
as  fragments  of  the  skeleton  of  such  an  organization  may 
be  said  to  be  already  in  existence  in  the  appointments 
committees  of  various  universities — Oxford,  Cambridge, 
Edinburgh,  etc. — and  in  employment  and  labour  bureaux 
of  various  kinds.  Two  clearly  defined  functions  of  such 
bodies  are  indicated,  both  representing  the  necessary  com- 
plement to  the  research  work  stimulated  by  the  central 
institute,  and  carried  out  either  by  psychologists  working 
directly  under  its  control  in  its  own  laboratories  or  in  factories 
and  the  like,  or  by  research  workers  in  the  psychology  depart- 
ments of  the  various  universities. 

The  first  of  these  functions  is  to  institute  and  co-ordinate 
actual  testing  work.  The  practical  arrangements  for  this 
might  differ  according  to  differing  local  circumstances.  In 
the  case  of  the  appointments  committees  of  universities, 
and  of  all  similar  institutions,  these  ought  to  have  at  their 
disposal  information  not  only  regarding  the  educational 
careers  of  all  those  who  are  registered  in  their  books,  but  also 
regarding  their  physical  and  mental  efficiency,  general  and 
special,  as  determined  by  some  recognized  system  of  tests. 
It  is  perhaps  not  too  much  to  claim  that  the  intelligence 
testing,   already  prescribed  b}^  some  American  universities 
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as  part  of  the  preliminary  examination  before  admission  of  a 
student  to  a  course,  is  justified  on  grounds  both  of  social 
and  of  educational  policy.  This  arrangement  would  provide 
for  the  testing  of  all  students  entering  universities  or  technical 
colleges.  Similar  arrangements  ought  to  be  made  in  con- 
nexion with  all  educational  institutions,  and  particularly  the 
public  primary,  secondary,  and  continuation  schools.  The 
actual  practical  work  of  testing  university  students  would 
naturally  be  undertaken  by  the  physiology  and  psychology 
departments.  The  best  provision  for  such  work  in  connexion 
with  the  schools  would  probably  be  secured  by  the  establish- 
ment of  central  psychological  clinics  by  the  various  education 
authorities,  under  the  superintendence  of  specially  appointed 
school  psychologists,  and  the  making  of  the  mental  testing 
and  grading  of  all  children  part  of  the  function  of  such  clinics. 

The  second  function  of  the  appointments  committees  and 
employment  bureaux  would  be  to  act  as  information  agencies, 
on  the  one  hand,  by  keeping  a  record  of  the  physical  and 
mental  requirements  of  economic  tasks,  as  these  were  deter- 
mined, and  of  the  physical  and  mental  grading,  both  general 
and  special,  together  with  the  educational  and  other  qualifi- 
cations of  all  individuals  registered  in  their  books ;  and,  on 
the  other  hand,  receiving  in  the  usual  way,  and  keeping  a 
record  of,  the  notifications  of  vacancies  in  the  different 
industries,  as  well  as  a  record  of  the  steps  taken  to  fill  these 
vacancies,  and  of  the  after-careers  of  all  their  nominees  who 
have  in  this  way  been  placed  in  the  various  industries. 

It  will  be  noted  that  these  proposals  contain  no  more  than 
the  necessary  provision  for  the  adequate  performance  of  the 
functions  for  which  such  bodies  as  appointments  committees 
and  employment  bureaux  were  originally  called  into  exis- 
tence. It  is  no  secret  that  these  have  in  the  past  been  a 
great  disappointment  to  their  sponsors.  The  reason  is  not 
far  to  seek.  The  means  to  hand  were  utterly  inadequate  for 
the  attainment  of  the  end  desired.  Essential  information 
was  not  available,  and  essential  machinery  was  non-existent. 
This  is  a  matter  in  which  we  cannot  live  from  hand  to  mouth 
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as  we  have  been  trying  to  do  in  the  past,  and  we  cannot 
hope  to  improvise  successfully  except  at  enormous  cost  in 
money  and  in  human  material.  During  the  great  war  the 
British  improvisations  were  wonderful,  but  they  were  terribly 
expensive.  The  more  complex  the  need  the  more  difficult 
the  improvisation  of  the  means  to  satisfy  it,  and  the  more 
expensive — out  of  all  proportion.  The  problems  of  peace 
are  infinitely  more  complex  than  the  problems  of  war. 

To  return  to  our  main  topic.  For  vocational  testing  the 
immediate  needs,  as  the  industrial  psychologist  sees  them, 
are  :  (i)  adequate  specification  of  the  physical  and  mental 
requirements  of  various  economic  tasks  ;  (2)  tests  sufficiently 
comprehensive,  and  sufficiently  delicate  and  accurate,  to 
give  us  reliable  information  regarding  the  corresponding 
capacities  of  human  beings.  These  are  the  two  points 
towards  which  research  must  at  present,  and  for  some 
time  to  come,  be  directed.  In  the  meantime,  however, 
the  industrial  psychologist  possesses  satisfactory  tests 
by  means  of  which  he  can  grade  general  intelligence. 
He  also  possesses  the  means  of  testing  special  capacities 
where  a  demand  for  such  testing  has  arisen.  He  is 
prepared  to  go  on  with  the  application  of  those  tests  he  has 
to  industrial  hfe,  confident  that  he  is  able  to  perform  valuable 
service,  even  as  things  are. 

But  the  psychologist  least  of  all  is  likely  to  forget  that 
there  are  characteristics  of  human  nature,  and  there  are 
physical  and  social  conditions,  upon  which  the  efficiency 
and  success  of  an  individual  may  depend,  which  are  not 
touched  by  his  tests  except  in  the  most  indirect  fashion,  if  at 
all.  Hence  he  must  not  lend  himself  to  the  misleading  of 
the  public  by  professing  to  do  more  than  he  can  do.  Indivi- 
dual efficiency  and  success  in  industry  may  depend  upon 
permanent  psychological  factors,  such  as  temperament,  or 
taste,  or  disposition,  or  character.  Or  it  may  depend  upon 
temporary  psychological  conditions  of  an  emotional  nature, 
such  as  those  which  determine  social  unrest.  So  far,  then, 
his  general  and  vocational  tests  are  not  available.     It  by 
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no  means  follows  that  his  expert  knowledge  and  advice 
may  not  be  industrially  useful  in  such  cases.  Even  where 
the  factors  affecting  industrial  efficiency  and  success  are 
physical,  the  work  of  the  industrial  psychologist  may  still 
be  valuable  in  tracing  out  the  physiological  and  psychological 
results  of  physical  conditions.  After  all,  vocational  testing 
is  but  one  branch  of  his  work. 


CHAPTER  V 

GENERAL   FACTORS  DETERMINING  EFFICIENCY 
OF  WORK 

WE  have  seen  one  way  in  which  psychology  has  come 
to  the  assistance  of  industry  by  taking  steps  to 
provide  that  each  individual  will  be  the  fittest 
possible  for  the  economic  task  to  which  he  is  set,  and  also 
what  measures  must  be  adopted  to  make  this  assistance 
effective.  This  field  of  vocational  testing  is  almost  the  latest 
[economic  field  which  the  modern  applied  psychology  has 
entered,  and  the  results  so  far  secured  in  this  field,  however 
important  they  may  ultimately  turn  out  to  be,  are  neither 
so  numerous  nor  so  striking  as  the  results  achieved  in  some 
other  fields.  The  first  direction  in  which  what  has  become 
modem  industrial  psychology  made  a  substantial  stride 
forward  was  the  study  of  the  conditions  determining  efficiency 
of  work.  Perhaps  this  is  still  the  direction  in  which  the 
greatest  progress  has  been  made.  It  is  certainly  the  direction 
in  which  the  most  striking  industrial  results  have  been 
forthcoming. 

The  conditions  determining  efficiency  of  work  represent  a 
wide  field  for  psychological  study.  Naturally,  therefore,  we 
must  not  suppose  that  the  task  of  the  psychologist  has  been 
carried  anywhere  near  completion  in  this  field,  or  that  there 
are  now  few  problems  awaiting  solution.  This  is  indeed  very 
far  from  being  the  case.  Nevertheless  in  this  field  the  applied 
psychologist  can  point  to  many  important  investigations 
which  have  been  carried  out,  and  to  many  economically 
valuable  conclusions  which  have  been  established,  and  he 
can  fairly  claim  that  in  this  field  at  least  his  science  has 
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justified  its  existence,  in  actual  achievement  as  well  as  in 
promise  for  the  future. 

The  study  by  the  physiologist  and  the  psychologist  of  the 
work  curve — that  is  the  curve  representing  variations  in  the 
efficiency  of  work  from  moment  to  moment  during  a  con- 
tinuous period— began  in  the  physiological  and  psychological 
laboratories  many  years  ago.  It  was  motived  in  the  main 
by  medical  and  educational  interests.  The  great  object  in 
the  first  instance  was  to  study  the  effects  of  fatigue,  and  from 
the  practical  point  of  view  to  devise  reliable  tests  for  indi- 
cating the  presence  of  fatigue.  But  these  somewhat  narrow 
aims  were  almost  immediately  overlaid,  as  the  course  of 
investigation  led  inevitably  to  a  study  of  the  various  con- 
ditions, over  and  above  fatigue,  by  which  the  efficiency  of 
work  may  be  affected.  Investigators  very  soon  realized  the 
great  complexity  of  their  apparently  simple  initial  problems. 
It  is  rather  interesting  to  note  that,  while  the  problem  of  find- 
ing reliable  tests  for  fatigue  can  hardly  be  regarded  as  solved 
even  now,  many  of  the  problems  to  which  the  early  investiga- 
tions led  have  been  solved,  and  their  solutions  have  an 
economic  significance  scarcely,  if  at  all,  inferior  to  the  economic 
significance  of  the  primary  problem. 

Before  going  on  to  consider  the  laboratory  methods  which 
have  been  employed  in  the  study  of  the  work  curve,  and 
which  are  sufficiently  interesting  to  merit  somewhat  detailed 
description,  it  will  be  well  to  consider  first,  if  only  in  a  summary 
fashion,  a  few  of  the  general  conditions  which  must  obviously 
affect  working  efficiency,  not  merely  from  moment  to  moment 
as  indicated  in  the  work  curve,  but  throughout  the  work 
from  start  to  finish.  These  general  conditions  may  be  appro- 
priately grouped  under  two  heads  :  {a)  incentives,  and  {b) 
general  mental  set  or  attitude. 

incentives. — It  may  be  taken  as  a  fundamental  principle, 
however  apt  we  are  to  forget  it,  that  whatever  work  we  do  is 
done  because  there  is  some  motive  for  doing  it.  No  human 
activity  is  motiveless.  Moreover,  the  motive  is  a  specific 
motive  for  that  exact  form  of  activity  which  takes  place. 
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There  may  of  course  be  a  general  motive  for  activity  as 
distinct  from  inactivity — the  mere  irksomeness  of  doing 
nothing,  if  we  can  put  it  no  higher — but  in  addition  there  is 
the  motive  for  that  precise  way  in  which  we  are  active,  for 
doing  that  very  thing  we  do.  A  second  fundamental  principle 
is  that  the  intensity  with  which  we  are  active  will  be  in  pro- 
portion to  the  strength  of  the  motive  which  prompts  the 
particular  activity,  up  to  the  limit  at  which  the  motive 
becomes  so  overpoweringly  strong  as  to  impair  the  working 
power,  or  even  inhibit  it  altogether,  as  when  it  takes  the 
shape  of  violent  emotion. 

This  is  one  of  the  most  obvious  points  where  the  science 
of  psychology  carries  on  the  analysis  of  the  economist.  The 
economist  assumes  the  motive  as  motive  in  the  abstract — 
for  that  is  what  it  really  amounts  to — calling  it  perhaps  self- 
interest.  Ruskin's  strictures  on  the  science  of  economics 
because  of  this  assumption  are  really,  as  we  have  already  seen, 
wide  of  the  mark.  It  is  not  the  business  of  the  economist  to 
analyse  and  give  an  account  of  motives  in  the  concrete,  but 
it  is  the  business  of  the  psychologist.  Whether  the  economist 
calls  the  motive  "  self-interest  "  or  an  indeterminate  "  X  " 
is  a  matter  of  indifference  as  far  as  economic  science  is  con- 
cerned. Plainly,  however,  it  is  not  a  matter  of  indifference 
as  far  as  the  understanding  of  the  forces  and  elements  in 
economic  life  is  concerned.  Hence  it  cannot  be  too  frequently 
or  too  strongly  emphasized  that  for  the  understanding  of 
economic  life  in  the  concreterf)sychology  is  as  important  and 
as  essential  as  economics.  At  the  same  time  it  must  be 
remembered  that  even  the  psychologist  is  not  entitled  to 
pronounce  regarding  the  use  that  may  or  ought  to  be  made 
of  any  particular  motive  or  incentive.  All  that  the  psycholo- 
gist is  called  upon  to  do  is  to  analyse  the  motives  which 
actually  operate,  to  determine  the  conditions  under  which 
they  operate  most  powerfully,  and  to  trace  the  psychological 
effects  which  follow  their  operation  in  the  particular  cases. 
The  economist  must  go  on  to  trace  these  effects  in  the  economic 
sphere,  and  it  is  for  the  political  and  social  philosopher  to 
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pronounce  concerning  their  desirability  or  the  reverse.  Again 
it  is  necessary  to  emphasize  this  point.  Psychology  must 
not  be  made  in  any  way  responsible  for  some  of  that  "  speeding- 
up  "  and  overdriving  in  industry,  which  various  scientific- 
management  engineers  have  falsely  attributed  to  psychology. 
All  that  psychology  can  be  made  responsible  for  is  the  devising 
of  means  for  the  attainment  of  an  end  which  had  been  settled 
on  independently  of  psychology,  and  before  recourse  was  had 
to  the  studies  of  the  psychologist.  The  psychological  effects 
of  "  speeding-up  "  these  scientific-management  enthusiasts 
prudently  ignore,  but  these  are  as  interesting  and  as  significant 
to  the  psychologist  as  the  psychological  methods  by  which  it 
is  produced,  and  the  economic,  social,  or  political  philosopher 
neglects  the  findings  of  the  psychologist  in  this  regard  at  his 
peril. 

The  motives  and  incentives  which  initiate  and  maintain 
the  activity  of  the  worker  are  the  motives  and  incentives 
characteristic  of  human  nature  in  general,  which  the  social 
psychologist  studies.  There  is  not  one  of  them  which  may  not 
on  occasion  become  of  importance  in  a  particular  case.  But 
this  is  no  place  for  their  discussion.^  Nevertheless  it  must 
not  be  supposed  that  there  is  no  work  for  the  industrial 
psychologist  as  such  in  this  field.  There  are  numerous 
problems  lying  ready  to  his  hand,  some  of  them  to  be  studied 
by  careful  observation,  others  by  exact  experiment.  For 
example,  the  industrial  psychologist  must  trace  the  precise 
effects,  both  immediate  and  remote,  of  employing  those 
particular  incentives  which  are  usually  employed,  and  under 
the  particular  conditions  under  which  they  are  employed. 
We  may  instance  rewards  in  the  shape  of  increase  of  wages, 
or  a  bonus,  or  profit-sharing.  WTiat,  if  any,  are  the  special 
effects  of  each  of  these  types  of  reward  ?  How  does  the  effect 
vary  with  the  amount  of  the  reward,  with  the  time  interval) 
that  must  elapse  before  it  can  be  claimed,  with  the  age,  sex, 
intelligence,  and  individual  characteristics  of  the  worker  ? 

^  See   the   present   author's    "  Psychology  of    Ever^'day  Life  ",  or 
McDougall's  "  Social  Psychology  ",  or  lead's  "  Instincts  in  Industry  ". 
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On  psychological  grounds  we  should  expect  that  a  reward  at 
the  end  of  the  week  would  exercise  more  influence  than  a 
much  greater  reward  at  the  end  of  the  year.  What  are  the 
facts  ? 

Such  are  some  of  the  problems  which  await  solution  in  this 
particular  section  of  industrial  psychology.  Little  systematic 
psychological  research  has  hitherto  been  done  on  them. 
Some  work  there  has  been  both  on  the  part  of  the  psychologist, 
and  on  the  part  of  the  scientific-management  engineer.  ^  But 
the  amount  of  exact  scientific  knowledge  at  present  available 
is  relatively  insignificant.  Yet  the  field  of  study  is  a  vastly 
important  one,  and  one  that  would  doubtless  repay  psycho- 
logical research  on  a  most  fruitful  scale. 

Another  important  problem  for  the  industrial  psychologist 
in  this  same  field  is  the  problem  of  the  existence  and  psycho- 
logical status  of  the  so-called  "  instinct  of  workmanship  ". 
Several  social  psychologists  have  asserted  the  presence  in 
human  nature  of  some  such  instinct,  and  have  attributed 
to  it  important  results  in  the  development  of  present-day 
civilization.  Scientific-management  engineers,  on  the  other 
hand,  either  expressly  deny,  or  at  least  in  their  practical 
measures  ignore,  the  presence  of  any  such  instinct. 
Obviously  there  is  here  a  problem  for  the  psychologist, 
the  solution  of  which  may  have  far-reaching  industrial 
effects.  It  is  universally  recognized  that  there  is  an 
instinctive  tendency  to  play.  Is  there  a  complementary 
instinctive  tendency  to  work  ?  If  there  is,  does  it  naturally 
take  at  any  stage  of  development  the  form  we  should 
appropriately  call  the  "  instinct  of  workmanship "  or 
"  craftsmanship  "  ?  Again  it  must  be  confessed  that  the 
amount  of  scientific  work  that  has  been  done  on  this  problem 
is  insignificant. 

A  third  problem  of  still  greater  importance,  and  equally 
neglected  as  far  as  systematic  psychological  work  is  concerned, 
is  the  problem  of  the  general  spirit  of  the  worker.  There  is 
something  of  irony  in  the  fact  that  the  same  man,  who  at  a 

*  See  Myers'  "  Mind  and  Work  ",  chap  v.  "  Systems  of  Payment  ". 
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football  match  on  Saturday  spends  every  ounce  of  his  energy, 
that  his  side  may  win  the  game,  and  struggles  on  for  that  end 
when  he  is  bruised,  bleeding,  covered  with  mud,  and  almost 
at  his  last  gasp,  may  on  Monday  in  the  factory  display  quite  a 
different  spirit,  may  even  on  occasion  show  himself  a  slacker 
and  a  shirker.  During  the  war  the  spirit  in  many  factories 
was  the  spirit  of  the  football  field.  Of  course  it  is  not  wise 
economy  to  work  with  the  same  energy  and  abandon  as  we 
play  football,  nor  is  it  possible.  But  it  is  the  spirit  of  the 
worker,  and  of  the  whole  body  of  workers,  that  matters,  and 
it  is  there  that  the  psychological  problem  lies.  What  are  the 
psychological  causes  determining  the  psychological  phenomena 
in  the  two  cases  ?  How  far,  and  under  what  conditions,  is 
it  possible  to  make  the  psychological  causes  which  operate  in 
the  one  case  operate  in  the  other  as  well,  and  if  they  do  so 
operate,  what  further  psychological  effects  arise,  which  must 
be  taken  into  account  in  determining  practical  policy  ? 
These  are  questions  which  press  for  solution,  but  their  solution 
is  not  even  in  sight. 

Mental  Set  of  Attitude. — Apart  from,  and  in  addition  to,  the 
motives  underlying  human  activity  at  any  time,  the  activity 
is  also  affected  by  psychological  conditions  which  we  may 
group  together  under  the  designation  "  set  "  or  "  attitude  ". 
Some  of  these  conditions  may  be  of  very  much  the  same 
order  as  the  motives  prompting  to  the  work  itself.  The 
emotional  mood,  for  example,  of  the  worker  would  represent 
one  such  condition,  scarcely  distinguishable  from  what  we 
have  just  been  considering.  Other  conditions  which  are  not 
primarily  of  an  emotional  character  may  arise  from  the 
circumstances  under  which  the  work  is  done,  or  the  worker's 
belief  regarding  the  uninterestingness,  irksomeness,  hardness, 
or  the  reverse,  of  the  work  he  is  doing.  Some  of  these  con- 
ditions will  come  up  for  fuller  consideration  later.  At  present 
two  important  factors,  both  of  which  have  been  rather  care- 
fully studied  by  the  psychologist  in  other  fields,  seem  to 
deserve  more  particular  mention.  These  are  interference  and 
suggestion. 
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^  The  phenomena  of  interference  may  show  themselves  iu 
various  ways,  and  affect  the  efficiency  of  work  in  different 
degrees,  but  the  general  principle  is  relatively  easy  to  under- 
stand. If  a  muscular  or  mental  act  A  is  frequently  followed 
by  the  act  B,  the  performance  of  the  act  A  will  tend  to  produce 
at  least  a  readiness  in  the  human  system  for  the  act  B,  and  any 
attempt  to  follow  A  with  a  different  act  C  will  be  hampered 
or  impeded  by  the  connexion  already  established  between 
A  and  B,  and  the  fact  that  the  muscular  or  mental  system  has 
got  a  setting  for  the  performance  of  B  after  A.  The  "set  " 
is  itself  an  advantage,  for  it  facilitates  the  performance  of  the 
acts  one  after  another  in  a  regular  succession.  If  B  and  C 
follow  A  indifferently,  the  advantage  of  this  facilitation  is 
lost  ;  if  B  usually  follows  A,  but  now  and  then  C  is  inter- 
polated irregularly,  there  will  be  interference  in  addition  to  the 
loss  of  facilitation.  If,  for  example,  we  go  down  a  column 
of  two-figure  numbers  adding  and  subtracting  8  alternately, 
we  shall  find  that  we  take  considerably  longer  time,  and  feel 
the  task  harder,  than  if  we  add  8  or  subtract  8  every  time. 
So  in  a  piece  of  work,  if  the  workman  must  continually 
change  over  from  one  process  to  another,  or  if  he  has  to 
interrupt  a  regular  succession  of  acts  by  every  now  and  then 
performing  a  different  act,  the  rate  ard  efficiency  of  the  work 
will  be  impaired,  especially  if,  and  in  proportion  as,  the 
sjnterruptions  are  irregular. 

The  factor  of  suggestion  may  operate  in  a  still  more  striking 
way  in  affecting  an  individual's  working  efficiency.  If  the 
worker  is  induced  to  believe  that  his  task  is  very  difficult  he 
reacts  to  it  as  a  difficult  task,  and  the  amount  of  work  per- 
formed may  in  consequence  be  greatly  reduced,  and  the 
amount  of  fatigue  developed  correspondingly  increased. 
The  opposite  effect  will  be  produced  if  the  suggestion  that 
the  work  is  easy  can  be  successfully  conveyed.  Hollingworth 
and  Poffenberger^  quote  from  Jastrow  a  very  interesting 
and  illuminating  illustration.  For  the  tabulation  of  some 
census  returns  a  new  and  elaborate  method  was  introduced 
1  "  Applied  Psychology  ",  p.  230. 
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for  indexing  on  the  card-index  system.  The  clerks  were  at 
the  outset  given  the  idea  that  the  work  was  intricate  and 
difficult,  and  that  it  demanded  exceptional  ability,  applica- 
tion, and  skill.  After  a  preliminary  training  for  about  five 
weeks  in  the  various  operations  involved,  they  were  able  on 
the  average  to  complete  500  cards  per  day.  But  to  do  this 
seemed  to  demand  such  feverish  effort  on  the  part  of  the 
workers  that  they  protested  against  the  attempts  which  were 
being  made  to  spur  them  on  by  the  publication  of  records, 
and  this  had  to  be  discontinued.  Some  200  new  clerks  were 
taken  on  after  the  work  had  got  well  started.  These  were 
distributed  among  those  already  at  work.  The  new  clerks 
had  none  of  the  preliminary  training  of  the  original  workers, 
nor  had  they  the  conviction  that  the  work  was  specially  hard 
and  fatiguing.  On  the  contrary,  they  saw  every  one  around 
them  working  rapidly,  and  with  apparent  ease.  The  result 
was  that  in  three  days  some  of  the  newcomers  had  reached 
the  500  mark  ;  in  a  week  nearly  all  had  done  so.  Before  the 
work  was  over  one  of  the  new  clerks  actually  succeeded  in 
completing  as  many  as  2,230  cards  in  one  day — more  than  had 
originally  been  regarded  by  the  clerks  first  employed  as  four 
days'  hard  work.  Perhaps  no  more  striking  single  illustration 
could  be  given  of  the  potency  of  the  mental  factor  in  our  daily 
work. 

The  Work  Curve. — Both  muscular  and  mental  work  have 
been  very  carefully  studied  under  laboratory  conditions  by 
physiologists  and  by  psychologists.  The  two  kinds  of  work 
demand  different  methods  of  investigation.  We  must  there- 
fore consider  them  separately.  We  may  begin  by  considering 
muscular  work.  The  apparatus  usually  employed  is  the 
ergograph.  Various  types  of  ergograph  are  in  use,  but  nearly 
all  embody  the  same  general  principles.  Muscular  contrac- 
tions are  made  at  regular  intervals  against  a  known  resistance, 
and  the  amount  of  work  done  is  continuously  recorded  in 
some  way.  Mosso's  and  Kraepelin's  ergographs  are  the  most 
familiar  types.  In  both  these  cases  the  work  is  done  by  the 
contraction  or  bending  of  the  middle  finger  of  one  hand. 
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Arm  and  hand  are  clamped  so  as  to  make  all  movement  im- 
possible, leaving  only  the  middle  finger  free.  On  this  is  fitted 
a  metal  cap,  attached  in  such  a  way  as  to  lift  a  weight  with 
every  contraction  of  the  finger  and  through  a  distance 
proportional  to  the  amount  of  the  bending.  The  contrac- 
tions of  the  finger  are  timed  by  the  beats  of  a  metronome. 
The  total  distance  through  which  the  weight  is  lifted  in  the 
course  of  the  series  of  contractions  constituting  an  experi- 
ment can  be  directly  read  from  a  scale  or  measured  by 
the  position  at  which  the  weight  is  left.  There  is  also  pro- 
vision for  yielding  a  record  of  each  lift  by  means  of  an 
attached  lever  which  marks  on  a  regularly  moving  surface 
covered  with  smoked  paper,  thus  jdelding  the  work  curve 
or  ergo  gram. 

Though  the  results  obtained  from  ergograph  work  have  in 
some  respects  been  disappointing,  nevertheless  some  interest- 
ing and  important  phenomena  have  been  brought  to  light  in 
the  course  of  investigation.  It  has  been  shown,  for  example, 
that  the  maximum  work  is  performed  with  a  certain  definite 
load,  that  whether  we  increase  or  diminish  this  load  we  get 
a  decrease  in  the  amount  of  work  performed  in  a  given  time, 
provided  that  time  be  not  too  short.  Further,  it  has  been 
shown  that  the  best  work  is  done  when  a  certain  definite 
length  of  pause  in  the  work  is  interposed  at  regular  intervals. 
Both  the  most  suitable  load  for  any  individual,  and  the  most 
favourable  arrangement  of  periods  of  work  and  rest  for  that 
load  can  be  determined.  Some  figures  cited  by  Myers  in  this 
connexion  are  very  significant.^  If  the  finger  makes  30  con- 
tractions in  60  seconds  with  a  certain  load,  two  hours'  rest  is 
necessary  for  complete  recovery.  If,  on  the  other  hand,  the 
finger  makes  15  contractions  in  30  seconds  with  the  same 
load,  only  half  an  hour's  rest  is  necessary.  Hence  in  a  two- 
hour  period  of  work  the  second  arrangement  would  give 
double  the  output.  Some  students  working  in  the  Combe 
Psychological  Laboratory  at  Edinburgh  obtained  similar 
results.  They  compared  different  distributions  of  60  contrac- 
1  "  Present-day  Applications  of  Psychology  ", 
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tions  and  a  total  pause  period  of  60  minutes,  and  found  that 
by  far  the  best  work  was  done  with  the  greatest  distribution 
with  which  they  worked,  viz.,  10  contractions  and  5  rest 
pauses  of  12  minutes  each. 

Again  it  has  been  shown  in  ergograph  experiments  that  the 
fatigue  produced — if  it  can  be  called  fatigue — is  simply 
fatigue  for  the  particular  circumstances.  When  the  finger 
has  been  fatigued  with  a  particular  load  to  the  point  at  which 
it  ceases  to  contract  altogether,  the  removal  of  part  of  the 
load  has  the  effect  of  allowing  the  finger  to  resume  its  con- 
tractions almost,  if  not  quite,  to  the  original  extent,  and  a 
new  ergogram  can  be  obtained  for  the  reduced  load. 

Finally,  some  rather  interesting  experiments  and  results  are 
described  by  Ash.^  If,  while  a  trace  is  being  taken  of  the 
contractions  of  the  middle  finger,  a  lever  is  attached  to  the 
third  finger  and  also  one  to  the  forefinger,  and  both  these 
fingers  are  also  attached  to  springs  which  will  compel  them  if 
moved  to  overcome  approximately  the  same  resistance  as 
the  middle  finger  has  to  overcome,  then,  before  the  extent  of 
the  contractions  of  the  middle  finger  shows  any  appreciable 
diminution,  these  other  fingers  vrill  begin  to  be  flexed,  and 
the  extent  of  these  subsidiary  contractions  will  progressively 
increase  as  the  contractions  of  the  middle  finger  diminish  in 
extent,  and  as  more  and  more  effort  is  required  to  continue 
the  work.  On  the  other  hand,  if  these  fingers  are  kept  immov- 
able until  the  middle  finger  can  no  longer  contract,  and  then 
released,  contraction  of  the  middle  finger  is  again  obtained, 
often  with  its  original  amplitude,  and  a  new  ergogram  can 
be  traced.  It  is  possible,  in  fact,  to  obtain  three  successive 
ergograms  from  the  middle  finger  by  releasing  the  other 
fingers  one  at  a  time. 

The  practical  bearing  of  these  results  will  be  considered 
in  its  proper  place.  In  the  meantime  we  must  take  up  the 
consideration  of  the  laboratory  investigation  of  mental  work. 
Detailed  studies  of  the  work  curve  in  mental  work  were  first 

^  Ash,  "  Fatigue  and  Its  Effects  upon  Control  ",  "  Archives  of 
Psychology  ",  No.  31. 
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made  by  Kraepelin  and  his  students.  In  their  chief  experi- 
ments they  employed  the  continuous  addition  of  single  digits 
as  the  mental  work  to  be  done,  and  the  efficiency  of  the  work 
was  measured  by  the  number  and  accuracy  of  such  additions 
performed  in  unit  time.  It  has  been  found  that  nothing  is 
gained  by  making  the  work  difficult,  when  our  object  is  to 
get  a  work  curve.  The  usual  procedure  is  for  the  subject  to 
go  on  continuously  with  his  addition,  while  the  experimenter 
gives  a  signal  at  regular  intervals,  say  of  a  minute,  and  the 
subject  makes  a  mark  to  indicate  the  point  he  has  reached  at 
each  signal.  This  enables  the  course  of  the  curve  to  be  plotted, 
seeing  that  we  can  determine  the  work  done  from  minute  to 
minute. 

As  a  result  of  such  experiments  we  obtain  a  curve  present- 
ing at  a  first  glance  a  somewhat  irregular  appearance.  The 
irregularities  are  due  mainly  to  "  spurts  ".  These  may  have 
various  causes.  Usually  a  subject  starts  with  a  spurt  and 
finishes  with  a  spurt — unless  he  is  kept  ignorant  that  the  end 
of  the  work  is  at  hand.  The  other  spurts,  occurring  at  irregular 
intervals  between  the  beginning  and  the  end  of  the  work, 
may  be  due  to  the  wandering  of  the  subject's  attention,  to 
the  idea,  perhaps,  coming  into  his  mind  that  he  is  not  getting 
on  so  rapidly  as  he  might,  to  the  desire  to  make  up  the  loss 
due  to  real  or  imaginary  waste  of  time,  and  so  on.  When  we 
discount  the  effects  of  such  spurts,  we  come  to  see  that  the 
work  curve  shows  certain  regular  features  which  constantly 
reappear.  There  is  an  initial  spurt,  then  a  falling-off  followed 
by  a  continuous  and  rapid  rise  in  the  curve  ;  then  there  may 
be  a  slow  rise  for  a  longer  time,  to  be  followed  sooner  or  later 
by  a  fall,  gradual  at  first,  but  increasing,  with  possibly  a  final 
spurt  at  the  end.  These  regular  features  are  due  to  the 
operation  of  general  factors  determining  the  efficiency  of  all 
work.  These  general  factors  are  four :  practice,  fatigue, 
what  we  call  "  warming-up  "  to  the  work,  and  adaptation  or 
"  settlement  ",  that  is  the  adapting  of  oneself  to  the  con- 
ditions of  the  work  and  becoming  able  to  ignore  distracting 
influences. 
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Naturally  the  practice  effect  will  vary  according  as  the 
subject  is  expert  at  the  kind  of  work  or  not.  Where  there  is 
little  or  no  practice-gain  the  effect  of  fatigue  will  show  itself 
earlier  ;  where  there  is  a  significant  practice-gain,  it  will 
obviously  for  some  time  mask  the  effect  due  to  on-coming 
fatigue.  The  two  factors  act  in  opposite  directions.  With 
respect  to  the  effects  due  to  "  warming-up  "  and  "  settle- 
ment "  respectively,  it  is  very  difficult  to  separate  them. 
Both  show  themselves  at  the  beginning  of  the  work,  and 
co-operating  with  the  practice-effect,  cause  the  steep 
rise  which  the  curve  of  work  shows  at  that  stage.  The 
"  warming-up  "  effect  shows  itself  the  earlier  of  the  two, 
and  disappears  the  more  rapidly  on  cessation  of  the  work, 
but  it  is  not  at  all  certain  that  the  difference  is  such  as 
to  enable  us  to  separate  the  effects  of  the  two  factors 
experimentally. 

Consider  now  the  effect  of  pauses.  A  pause  will  allow 
a  measure  of  recovery  from  such  fatigue  as  is  present,  and 
hence  improve  the  efficiency  of  the  work.  On  the  other  hand 
it  will  also  allow  the  human  machine  to  grow  cold,  and,  if 
it  is  prolonged,  will  cause  the  gain  due  to  "  settlement  "to 
disappear,  and  lastly  perhaps  even  the  gain  due  to  practice. 
Hence  a  pause  in  the  work  may  produce  a  somewhat 
complex  effect,  and  may  not  result  in  a  net  gain  as  far  as 
output  is  concerned.  The  net  gain  or  loss  will  depend  on 
the  combined  influence  of  the  factors  involved.  We  can 
by  experiment  find  a  pause  of  such  length  that  the  efficiency 
of  work  before  and  after  will  be  exactly  equal.  This  is 
called  the  "  equilibrial  pause."  A  pause  of  such  a  length 
as  to  give  the  greatest  gain  in  efficiency  can  also  be 
experimentally  found.  This  is  called  the  "  most  favourable 
pause." 

The  method  by  which  these  different  pauses  are  determined 
is  relatively  simple.  After,  say,  half  an  hour's  work,  different 
lengths  of  pause  are  tried.  The  result  will  give  us  the  informa- 
tion we  desire — for  the  individual  and  for  the  period  of  work. 
When  we  have  determined  the  most  favourable  pause  for 
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any  individual,  it  is  also  possible  for  us  to  measure  certain 
of  his  characteristics  which  have  a  bearing  on  his  efficiency 
as  a  worker  and  more  particularly,  his  "  fatiguability."  In 
order  to  measure  "  fatiguability  "  we  take,  say,  an  hour's 
work.  The  subject  works  for  half  an  hour,  then  the  most 
favourable  pause  is  interposed,  and  then  he  works  for  the 
second  half-hour.  Let  us  suppose  that  in  the  first  half -hour 
he  adds  2,000  digits,  and  in  the  second  half-hour  after  the 
pause  2,200,  We  compare  this  result  with  the  result  obtained 
in  an  hour's  work  without  a  pause.  If  in  this  case  he  adds 
2,020  digits  in  the  first  half-hour,  we  should  expect,  assuming 
that  the  practice-gain  is  regular,  and  that  there  is  no  loss 
due  to  fatigue,  that  in  the  second  half-hour  he  would  add 
2,200/2,000  of  2,020  =  2,222.  He  actually  does  2,082. 
The  fatigue  due  to  the  first  half-hour's  work  has  therefore 
diminished  his  efficiency  by  the  difference  2,222  —  2,082  =  140. 
We  take  this  dimunition  as  a  measure  of  his  fatiguability, 
and  we  can  get  a  coefhcient  of  fatiguability  for  the  individual 
by  expressing  this  as  a  fraction  of  the  work  we  should  have 
expected  him  to  perform  in  the  second  half-hour.  That  is 
to  say,  140/2,222  is  the  coefficient  of  fatiguability  for  the 
individual.  This  number  expresses  the  ease  or  difficulty  with 
which  he  is  fatigued  by  the  work,  according  as  it  is  large  or 
small. 

The  methods  of  the  laboratory  in  the  study  of  work  can  be 
transferred  practically  unchanged  to  the  factory.  But  in 
the  factory  the  subject's  task  is  usually  so  much  more  complex, 
and  the  working  conditions  so  much  less  uniform,  that  clear- 
cut  results  are  difficult  to  obtain.  In  any  case  the  investiga- 
tion cannot  be  carried  out  by  the  amateur,  but  requires  the 
services  of  the  expert  psychologist,  and  the  employment  of 
the  technical  methods  of  the  psychological  laboratory.  This 
is  a  truth  which  must  be  brought  home  to  all  who  are  directly 
interested  in  such  matters,  whether  on  the  side  of  the  manage- 
ment or  on  the  side  of  the  worker.  The  problems  are  scientific 
problems  demanding  the  employment  of  scientific  methods 
in  tlieir  investigation,  and  highly  trained  technical  skill  in 
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the  investigator.  To  undertake  such  investigations  without 
the  necessary  technical  training  in  psychological  methods 
would  be  as  futile  as  to  undertake  the  investigation  of  a 
complex  chemical  process  without  technical  training  in  the 
methods  of  the  chemical  laboratory. 


CHAPTER  VI 
THE  STUDY  OF   FATIGUE 

FATIGUE  has  already  been  mentioned  as  one  of  the 
general  factors  determining  efficiency  of  work.  Its 
importance  from  that  point  of  view  has  long  been  recog- 
nized. As  already  indicated  it  was  the  study  of  fatigue  that 
led  to  the  study  of  the  varying  efficiency  of  work  and  the 
other  factors,  additional  to  fatigue,  which  played  a  part  in 
producing  the  variations.  We  must  in  the  present  chapter 
take  up  the  consideration  of  fatigue  in  fuller  detail,  and  see 
what  light  physiological  and  psychological  investigation  can 
throw  on  its  nature  and  production. 

What  is  fatigue  ?  The  answer  may  be  given  in  subjective 
or  in  objective  terms.  Subjectively,  fatigue  is  a  state  of 
consciousness,  usually  more  or  less  disagreeable,  determined 
by  a  mass  of  sensations,  sometimes  with  fair  definiteness 
localized  and  vague  feelings  which  are  not  localized.  The 
state  is  one  which  everybody  has  experienced.  It  is  accom- 
panied by  a  disinclination  for  work  and  a  desire  to  rest,  with 
a  felt  incapacity  for  work  added.  Such  a  definition,  however, 
is  of  very  little  service  even  to  pure  psychology,  and  of  no 
use  at  all  outside  the  limits  of  that  science.  The  state  as 
described  is  not  clearly  marked  off  from  the  state  we  call 
"  boredom",  which  is  due  mainly  to  lack  of  interest  rather 
than  the  expenditure  of  energy  in  activity ;  and  further,  the 
feeling  of  incapacity  for  work  may  be  more  or  less  illusory, 
if  we  take  the  quantity  and  quality  of  the  work  done  under 
these  conditions  as  a  criterion.  "  Weariness  "  is  probably 
a  better  word  to  employ  to  the  subjective  state,  inclusive  both 
of  boredom  and  of  real  fatigue,  and  we  should  always  re- 
member that  this  subjective  "  weariness  "  does  not  necessarily 

6i 
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imply  diminished  capacity  for  work,  nor  does  its  absence 
imply  that  the  capacity  for  work  is  not  really  diminished. 
If  we  define  fatigue  in  objective  terms,  we  are  practically 
compelled  to  define  it  in  terms  of  output.  That  is,  we  have  to 
define  it  as  a  state  of  lowered  efficiency  in  the  organism, 
brought  about  by  the  expenditure  of  energy  in  doing  work, 
and  showing  itself  either  in  impairment  of  the  quality  of  the 
work  subsequently  done,  or  in  diminution  of  the  quantity, 
or  in  both.  This  definition  by  no  means  escapes  all  the 
difficulties.  Considerable  fatigue  may  apparently  be  present 
without  any  of  these  objective  results  being  produced.  At  a 
certain  stage,  as  Myers  points  out,^  fatigue  may  produce  a 
general  excitement  with  extravagance  in  the  expenditure  of 
energy,  and  as  a  result  increased  output  with  no  falling-oif 
in  quality.  Hence,  as  we  shall  see  presently,  arises  the  diffi- 
culty of  finding  reliable  tests  for  fatigue. 

Most  of  what  we  know  with  scientific  accuracy  regarding 
fatigue  as  a  state  of  the  organism  we  owe  to  the  labours  of 
the  physiologist.  The  main  facts  which  he  has  established 
are  the  following  :  When  energy  is  expended  in  the  doing 
of  work  by  a  muscle  there  is  consumption  of  energy-producing 
material,  and  the  production  in  the  muscle  itself  of  substances 
which  are  designated  "toxic"  substances,  that  is,  which  act 
as  poisons  to  the  tissues.  The  substance  in  the  muscles  which 
produces  the  energy,  which  acts  therefore  as  fuel,  is  glycogen, 
and  the  chief  toxic  substances  produced  are  carbon  dioxide 
and  lactic  acid.  Glycogen  in  the  form  of  "  animal  starch  " 
is  stored  in  the  liver  and  the  muscle  cells.  The  liver  acts  as 
a  storehouse  for  the  muscles,  and  in  strenuous  muscular  work 
the  blood  brings  glycogen  from  this  storehouse  to  keep  the 
muscle  supplied.  Complete  fatigue  would  be  produced  if 
this  store  were  exhausted.  That  does  not  happen,  however, 
for  the  accumulation  of  toxic  substances  in  the  muscles  pro- 
duces effects  tending  to  the  cessation  of  muscular  activity 
long  before  this  stage  of  complete  exhaustion  of  the  energy- 
producing  substance  is  reached. 

^  "  Mind  and  Work  ",  p.  46. 
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The  physiologist  may  be  experimenting  with  a  single  muscle 
and  the  nerve  attached — the  "  nerve-muscle  preparation  ". 
If,  in  this  case,  he  stimulates  the  muscle  with  electric  shocks, 
and  keeps  on  stimulating  it,  there  is  a  gradual  diminution  and 
ultimate  cessation  of  muscular  contractions,  due  partly  to 
the  using-up  of  glycogen  and  partly  to  the  accumulation  in 
the  muscle  of  toxic  substances.  If,  however,  the  stimulation 
of  the  muscle  is  through  a  nerve,  the  muscle  itself  never  reaches 
this  stage  of  fatigue.  It  is  protected  by  the  so-called  end- 
plate  of  the  nerve,  that  is  the  structure  in  which  the  nerve 
terminates  in  the  muscle.  This  jdelds  to  fatigue  first  and 
ceases  to  carry  the  stimulus  to  the  muscle  fibres.  It  is  easy 
to  show  that  this  is  the  case  by  stimulating  through  the  nerve 
until  the  muscle  ceases  to  contract,  and  then  transferring 
the  stimulus  to  the  muscle  itself  directly,  when  it  is  thrown 
into  contraction  once  more  and  can  be  gradually  fatigued  as 
before. 

In  the  intact  organism,  as  distinct  from  the  "  nerve-muscle 
preparation,"  the  end-plates  are  also  protected  against  fatigue 
by  other  processes.  On  the  one  hand  the  accumulation  of 
toxic  substances  in  the  muscle  affects  the  sensory  nerve- 
endings  in  the  muscle,  and  a  nervous  impulse  is  carried  back 
to  the  spinal  cord  along  the  sensory  nerve  which  has  the  effect 
of  inhibiting  or  preventing  the  outgoing  stimulus  along  the 
motor  nerve  to  the  muscle,  and  hence  to  the  cessation  of 
muscular  contractions.  Even  this  stage  may  not  be  reached 
owing  to  processes  at  a  "  fatigue  point  "  in  the  nervous  system 
itself.  The  structural  units  of  which  the  nervous  system  is 
built  up  are  known  as  neurons.  Each  neuron  consists  of  a 
[  nerve  cell  with  various  processes.  The  nerve  fibres  are  all 
'  processes  of  neurons.  It  is  generally  held  that  the  neurons 
are  not  directly  continuous  with  one  another,  although 
nervous  impulses  pass  from  one  to  the  other,  and  the  points 
at  which  they  become  contiguous  and  at  which  impulses  may 
pass  are  known  as  synapses.  Now  the  consumption  of  energy 
within  the  nervous  system  has  the  same  result  as  in  the  muscle. 
There  is  a  using-up  of   energy-producing  substance  and  an 
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accumulation  of  toxic  products,  and  this  has  the  effect  of 
increasing  the  resistance  at  the  synapses.  If  the  resistance 
at  a  synapse,  across  which  the  nervous  impulse  must  pass 
to  cause  the  muscle  to  contract,  is  increased,  then  a  time  will 
come  when,  unless  the  strength  of  the  impulse  is  increased, 
it  will  be  unable  to  overcome  the  resistance,  and  consequently 
there  will  be  a  cessation  of  activity  in  the  muscle. 

These  facts  enable  us  to  explain  some  of  the  ergographic 
phenomena  to  which  we  have  already  drawn  attention.  The 
nervous  impulses  producing  the  muscular  contractions  are 
voluntary,  that  is  they  come  from  the  higher  nervous  centres. 
Increase  of  resistance  at  a  synapse  will  necessarily  involve 
an  increase  of  stimulus,  if  the  muscular  contractions  are  to 
be  maintained.  This  is  forthcoming  by  an  effort  of  will. 
But  this  increase  of  stimulus  means  the  liberation  of  more 
energy  in  the  centres,  and  it  may  therefore  have  the  effect 
of  overcoming  other  synapse  resistances,  which  were  pre- 
viously sufficient  to  protect  the  muscular  structures  corre- 
sponding from  stimulation,  but  which  are  no  longer  sufficient. 
Hence  the  effect  of  the  stimulus  may  extend  to  adjacent 
structures,  and  extend  progressively,  as  the  resistance  of  the 
original  synapse  increases,  and  as  the  energy  liberated  to 
overcome  it  increases  in  proportion.  Hence  in  experiments 
with  the  ergograph,  if  the  forefinger  and  third  finger  are  left 
free,  they  will  begin  to  show  contraction  before  the  contrac- 
tions of  the  middle  finger  show  any  significant  diminution, 
because  more  and  more  energy  requires  to  be  liberated  in  the 
centres  to  keep  the  middle  finger  contracting.  In  the  same 
way  the  pedestrian  at  the  end  of  a  long  day's  tramp  walks 
with  his  whole  body.  With  all  this  there  is  increasing  inability 
to  control  the  exact  direction  the  liberated  energy  has  to  take. 

The  waste  products  which  cause  the  various  kinds  of  fatigue 
are  taken  up  by  the  blood.  Hence,  theoretically,  there  can 
be  no  such  condition  as  purely  local  fatigue.  All  production 
of  waste  products  at  one  point  must  affect  to  a  greater  or  less 
degree  the  organism  as  a  whole.  There  is  a  well-known 
experiment   which   demonstrates   this.     If   blood  be   trans- 
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ferred  from  a  fatigued  animal  to  an  animal  which  has  not 
been  fatigued,  the  symptoms  of  fatigue  shows  themselves 
in  the  animal  to  which  blood  is  transferred.  On  the  other 
hand,  there  is  no  doubt  that  the  fatigue  can  be  relatively 
local.  In  that  case  the  symptoms  of  fatigue  will  disappear 
with  a  change  of  activity.  Moreover,  cessation  of  activity  may 
be  due  simply  to  lack  of  the  necessary  incentive.  In  this  case 
there  may  be  no  real  fatigue,  either  local  or  general,  as  can 
easily  be  shown  by  introducing  the  influence  of  an  incentive. 
It  is  thus  possible  for  us,  on  the  basis  of  the  work  of  the 
physiologist,  to  get  a  clear  and  consistent  idea,  up  to  a 
certain  point  at  least,  of  the  nature  of  fatigue  as  a  state  of 
the  organism.  There  is  nothing  to  be  gained  by  making  too 
much  of  the  distinction  between  mental  fatigue  and  muscular 
fatigue.  By  mental  fatigue  we  must  understand,  it  is  true, 
fatigue  which  has  its  origin  in  expenditure  of  energy  and  the 
accumulation  of  toxic  substances  in  the  central  nervous 
system,  and  by  muscular  fatigue,  fatigue  which  is  due  to  the 
expenditure  of  energy  and  the  accumulation  of  toxic  sub- 
stances in  the  muscle  or  group  of  muscles  which  have  been 
active.  But  we  have  already  seen  that  in  the  intact  animal 
or  organism  there  is  an  expenditure  of  nervous  energy  and 
an  accumulation  of  waste  products  in  the  nervous  centres 
in  muscular  activity,  and  it  is  impossible  for  the  nervous 
centres  to  be  active  in  the  case  of  mental  activity  without 
contraction  and  tension  in  various  groups  of  body  muscles. 
Besides,  the  blood  stream  inevitably  tends  to  spread  the 
effects  of  fatigue  with  the  toxic  substances  it  carries,  as  we 
have  just  seen.  Mental  fatigue  can  also  be  relatively  local, 
in  which  case  change  of  the  kind  of  activity  will  cause  the 
symptoms  of  fatigue  to  disappear.  The  analogy  to  muscular 
fatigue  is  complete.  One  of  the  most  interesting  symptoms 
of  on-coming  mental — as  of  on-coming  muscular — fatigue  is 
loss  of  control  over  the  direction  of  the  nervous  impulse. 
In  the  case  of  mental  fatigue  this  shows  itself  in  a  wandering 
of  the  attention  and  an  inability  to  keep  the  mental  activity 
to  the  desired  channel. 
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The  important  part  which  fatigue  plays,  both  from  the 
point  of  view  of  the  health  and  welfare  of  the  worker  and 
from  the  point  of  view  of  the  efficiency  of  the  work,  is  sufficient 
explanation  of  the  attention  it  has  attracted  from  physio- 
logists and  psychologists.  We  have  already  seen  that  the 
systematic  experimental  study  of  work  began  in  the  attempt 
to  determine  some  constant  accompaniment  and  symptom 
of  fatigue,  which  might  be  used  as  a  practical  test  for  its 
presence.  Now  that  we  realize  the  complexity  of  the  con- 
ditions upon  which  fatigue  depends,  it  need  occasion  no 
surprise  that  this  problem  of  finding  a  reliable  test  for  fatigue 
has  proved  very  difficult  of  solution. 

It  is,  of  course,  central  or  general  fatigue  that  we  wish  to 
find  a  test  for.  And  not  only  do  we  wish  to  find  a  test  which 
will  indicate  the  presence  of  fatigue  ;  we  also  wish  to  be  able 
to  measure  its  amount.  With  the  "  nerve-muscle  prepara- 
tion," or  in  any  case  where  we  could  to  an  equal  extent 
control  all  the  conditions,  we  might  measure  fatigue  in  terms 
of  the  consumption  of  the  energy-producing  substance  and 
the  accumulation  of  waste  products.  In  the  intact  organism, 
and  more  particularly  in  the  human  being,  this  method 
cannot  be  applied.  Hence  we  are  thrown  back  upon  the 
symptoms  of  fatigue.  Practically  the  human  being  regulates 
his  activity  by  his  subjective  feelings — the  feehng  of  weari- 
ness, with  inability  to  concentrate  the  attention,  and  possibly 
headache.  The  unreliability  of  these  symptoms  as  a  test 
has  already  been  pointed  out.  The  feeling  of  weariness 
is  not  unknown  in  our  own  experience  on  a  Monday  morning, 
or  when  we  are  faced  \vith  a  specially  hard  task.  We  do  not 
necessarily  impugn  an  individual's  good  faith  by  declinmg 
to  accept  his  statement  that  he  is  tired  as  reliable  evidence 
of  fatigue.  When  the  work  is  not  particularly  interesting 
the  lure  of  leisure  or  amusement  will  readily  induce  a  feeling 
of  weariness  that  is  genuine  enough. 

But  if  we  rule  out  subjective  feelings  as  a  criterion  for 
fatigue,  what  can  we  put  in  their  place  ?  The  tests  for  fatigue 
which  have  been  tried  out  in  the  laboratory  fall  into  two 
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groups — direct  tests  and  indirect  tests.  The  direct  tests 
attempt  to  measure  general  efficiency  (mental)  directly  by 
the  quantity  and  quality  of  the  performance  in  some  kind 
of  mental  work ;  the  indirect  tests  attempt  to  measure 
general  efficiency  by  some  subsidiary  change,  as  it  were,  which 
takes  place  as  a  result  of  bodily  or  mental  exertion.  The 
former  have  usually  been  considered  the  more  reliable,  but 
they  are  subject  to  the  disadvantage  that  the  individual 
tested  can  readily  simulate  the  symptoms  of  fatigue,  and  the 
simulation  may  even  be  quite  unintentional  and  unconscious. 
The  direct  tests  which  have  been  most  frequently  used 
are  :  (i)  Dictation.  This  seems  to  have  been  first  employed 
by  Sikorsky  as  far  back  as  1879.  The  experiment  has  been 
repeated  mainly  as  a  class  test  in  schools  by  a  number  of 
investigators.  Fatigue  is  estimated  by  the  number  of 
spelling  errors.  Friedrich,  using  the  test  to  trace,  the  rise 
of  fatigue  during  a  school  session,  got  40  errors  before  the 
work  began,  70  after  one  hour,  120  after  two  hours,  190  after 
three  hours.  This  simple  enumeration  of  errors  without 
taking  account  of  the  work  done  is  obviously  inadequate. 
The  main  objection  to  the  test,  however,  is  the  difficulty  of 
standardizing  it.  We  cannot  easily  get  dictations  of  the 
same  difficulty.  Even  if  we  could,  we  cannot  simply  equate 
one  spelling  error  to  another.  Not  only  are  words  different 
as  regards  difficulty,  but  different  words  have  different 
degrees  of  difficulty  for  different  individuals  at  different 
times,  and  different  kinds  of  error  are  symptomatic  in  different 
ways.  (2)  Cancellation,  or  some  analogous  test  like 
McDougall's  "  dot-marking  "  test,  where  small  circles  have 
to  be  dotted  as  they  pass  at  a  uniform  rate  across  a  slit  at 
varjdng  points  along  the  slit.  This  test  has  considerable 
value.  Unfortunately,  however,  it  is  a  test  in  which  per- 
formance is  very  much  affected  by  practice,  by  adaptation, 
and  possibly  also  by  muscular  fatigue.  In  measuring  effi- 
ciency we  must  take  two  factors  into  account,  the  amount  of 
work  done  and  its  accuracy.  The  simplest  way  is  to  take  the 
product  of  the  two,  but  this  is  not  entirely  satisfactory.     In 
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any  case  it  is  probable  that  variability  in  the  efficiency  from 
moment  to  moment  is  a  better  indication  of  incipient  fatigue 
than  efficiency  itself.  (3)  Calculation.  This  is  the  test 
which  has  been  most  frequently  employed.  Simple  additions 
of  digits,  or  simple  multiplications,  are  the  most  suitable 
arithmetical  processes.  The  test  is  a  fairly  good  one,  but, 
like  the  last,  it  requires  much  care  in  the  ehmination  of  practice 
effects,  and  other  effects  which  mask  or  simulate  fatigue, 
and  presents  the  same  difficulty  in  interpreting  the  results. 

While  these  may  be  regarded  as  the  chief  types  of  direct 
test  used  in  laboratory  work,  they  are  by  no  means  the  only 
tests  that  have  been  so  used.  Ebbinghaus's  combination 
test,  and  various  memorizing  tests  must  also  be  mentioned. 
These  are  generally  open  to  rather  serious  objections,  and  the 
difficulty  of  marking  the  first  is  sufficient  to  put  it  out  of 
court  in  the  meantime. 

The  indirect  tests  are  nearly  all  very  interesting.  In  their 
case  it  is  assumed  that  central  fatigue  is  accompanied  by 
deterioration  in  some  subsidiary  function  tested,  or  by 
some  s5TTiptom  which  can  be  observed  and  measured.  Quite 
a  number  of  indirect  tests  have  been  employed.  Perhaps 
the  most  famous  historically  is  the  "  aesthesiometric  index." 
In  this  test  we  measure  the  smallest  distance  between  two 
points  touching  the  skin  that  enables  the  subject  to  say 
that  there  are  two  points.  Originally  the  most  extravagant 
claims  were  put  forward  on  behalf  of  this  test.  At  the 
present  time  it  is  generally  held  that,  while  the  sesthesiometric 
index  may  indicate  the  presence  of  fatigue,  it  is  not  at  all 
reliable,  especially  as  a  measure  of  fatigue,  since  it  may  be 
affected  by  a  number  of  other  conditions.  A  similar  test 
is  the  test  of  sensitivity  to  pain  as  measured  by  the  instrument 
known  as  the  "  algesimeter."  This,  too,  is  unsatisfactory. 
In  fact  it  is  not  at  all  certain  whether  fatigue  increases  or 
diminishes  sensitivity  to  pain.  Tests  of  muscular  efficiency 
have  also  been  employed  under  the  idea  that  central  fatigue 
diminishes  muscular  efficiencj'.  The  chief  difficulty  with 
such  tests,  which  seem  fairly  reliable  though  by  no  means 


THE  STUDY  OF  FATIGUE  69 

delicate,  is  that  they  tend  to  develop  local  muscular  fatigue 
with  considerable  rapidity  so  as  to  mask  the  effects  of  central 
fatigue.  Reaction  time  and  rate  or  rhythm  of  tapping  have 
also  been  employed. 

There  is  one  objection  to  practically  all  these  tests.  As 
"  performance  "  tests  they  can  be  very  easily  manipulated 
by  the  subject,  consciously  or  unconsciously,  so  as  to  simulate 
fatigue.  The  same  objection  is  valid  against  a  very  interest- 
ing test  recently  used  by  Ash  and  also  by  the  present  writer.  ^ 
That  is  the  "  reversible  perspective  "  test.  It  is  well  known 
that  outline  drawings  of  solids,  which  do  not  show  perspective 
of  any  kind,  are  capable  of  being  perceived  in  two  ways,  the 
mind  as  it  were  imposing  upon  them  two  different  construc- 
tions. The  "  stair  "  figure  and  Scripture's  "  blocks  "  are 
two  familiar  examples  of  such  figures.  These  figures  are, 
however,  too  complex  for  use  as  a  fatigue  test.  For  this 
purpose  a  cube  or  a  square  pyramid  should  be  chosen.  Either 
can  be  seen  in  two  ways,  that  is,  with  one  or  other  of  two 
sides  towards  the  observer.  It  is  impossible  for  an  observer 
who  has  seen  the  two  aspects  to  maintain  either  for  any 
considerable  length  of  time.  In  a  few  seconds  the  figure 
invariably  "  reverses."  But  although  the  observer  cannot 
prevent  "  reversal,"  he  can  control  the  rate  of  reversal,  when 
he  tries  to  produce  it.  This  is  the  basis  of  the  test.  Accord- 
ing to  the  underlying  theory  fatigue  impairs  control,  and  the 
result  of  impaired  control  is  an  inability  to  keep  up  our 
normal  rate  of  voluntary  reversal  of  these  figures.  The  test 
seems  to  be  a  very  delicate  one,  much  more  so  than  any  of 
the  others  we  have  described,  but  unfortunately  we  have 
no  means  of  objective  control  by  which  to  check  the  rate  of 
reversal. 

Other  indirect  tests  have  been  suggested  and  used,  against 
which  this  objection  is  not  valid,  since  they  are  tests  of  pro- 
cesses of  which  the  subject  is  largely  or  wholly  unconscious. 
Changes  in  respiration,  or  in  the  circulation  of  the  blood  as 

^  Ash,  op.  cit.,  and  Drever,  "  A  New  Test  foi  Fatigue",  in  "  Child 
Study  ",  vol.  IX. 
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measured  by  pulse,  blood-pressure,  etc.,  or  in  the  electric 
resistance  of  the  skin,  would  represent  processes  of  this  land. 
In  all  these  cases,  however,  emotional  changes  in  the  subject 
exercise  a  disturbing  influence,  and  it  is  almost  impossible 
in  practice  to  rule  these  out. 

The  tests  for  fatigue,  devised  and  used  in  the  laboratory, 
even  if  they  were  wholly  reliable  and  satisfactory,  are  not 
available  to  any  extent  for  the  testing  of  fatigue  under  the 
conditions  of  practical  work  in  the  factory,  yard,  or  office. 
The  reasons  vary  in  individual  cases,  but  there  is  one  reason 
which  applies  to  all.  If  work  is  interrupted  at  various  times 
and  a  test  interpolated,  there  is  certain  to  be  some  change 
of  interest  on  the  part  of  the  subject  in  passing  from  his  ordin- 
ary work  to  the  test,  and  this  change,  whether  favourable  or 
unfavourable  to  the  test  itself,  will  in  either  case  impair  its 
value  as  a  criterion  of  fatigue. 

Practically  when  we  are  dealing  with  industrial  work  our 
main  criterion  for  the  presence  or  absence  of  fatigue  must  be 
the  quantity  and  quality  of  the  output  for  equal  intervals  of 
time  at  different  periods  of  the  day  or  week.  In  using  this 
criterion  we  must  discount  the  other  factors  upon  which 
output  depends.  Independently  of  fatigue,  constancy  of 
output  for  equal  intervals  of  time  is  not  the  normal  condition, 
as  we  have  already  seen  in  our  discussion  of  the  work  curve. 
Any  attempt  on  the  part  of  the  management  to  compel  the 
work  in  a  factory  to  adapt  itself  rigidly  to  the  principle  of 
equal  output  for  equal  intervals  of  time  will  necessaril}' 
involve  either  slacking  at  times  or  "  sweating  "  at  times,  or 
both.  Used  judiciously,  however,  the  quantity  of  output, 
or  the  amount  of  "  spoiled  work,"  or  both,  is  the  best  practical 
criterion  we  have  in  ordinary  industrial  work. 

Another  practical  method,  available  in  some  industries, 
is  the  amount  of  machine  power  used  per  hour.  It  has  also 
been  claimed  that  the  number  of  accidents  is  an  index  of  the 
degree  of  fatigue  in  the  workers.  It  is  said,  for  example,  that 
twenty-five  per  cent  of  the  accidents  which  happen  to  dock- 
workers  in  London  docks  occur  between  ii  and  12  in  the 


THE  STUDY  OF  FATIGUE  71 

forenoon  and  between  3  and  4  in  the  afternoon.  These  are 
the  times  when  we  should  expect  the  fatigue  effects  to  be 
greatest.  In  the  ordinary  factory  so  many  other  things 
must  be  taken  into  account  as  determining  causes  of  accidents 
that  it  is  difficult  to  say  how  far  the  number  of  accidents 
can  be  taken  as  a  reliable  index  of  fatigue.  From  what  we 
know  of  fatigue  we  should  certainly  expect  the  closest  con- 
nexion between  fatigue  and  accidents,  and  if  we  find  that 
diminution  in  output  is  accompanied  by  increase  in  the 
number  of  accidents,  we  have  almost  conclusive  evidence  of 
a  degree  of  fatigue  which  should  not  be  permitted  to  be 
present,  as  a  main  contributory  cause  to  both  results. 

One  main  point  remains  for  consideration.  That  is  the 
way  in  which  the  effects  of  fatigue  can  be  eliminated  or 
reduced.  Of  course  the  natural  cure  for  fatigue  is  rest. 
There  is,  however,  a  popular  idea  that  change  of  work  is 
equivalent  to  rest.  How  far  is  the  belief  in  accordance  with 
fact  ?  If  there  is  real  and  pronounced  central  or  general 
fatigue,  the  belief  is  not  in  accordance  with  fact  at  all.  Any 
work  whatever  will  simply  increase  such  fatigue.  If,  however, 
the  fatigue  is  in  the  main  local  fatigue,  the  fatigue  m_ainly 
of  a  certain  mechanism,  then  there  can  be  no  doubt  that  the 
activity  of  a  different  mechanism  will  allow  the  first  to 
recover,  and  will  so  far  eliminate  the  fatigue.  On  the  other 
hand  it  must  be  noted  that  there  is  no  local  fatigue  without 
some  measure  of  central  fatigue.  Hence  there  will  be  a  limit 
beyond  which  no  change  of  work  will  lessen  fatigue.  Again, 
if,  as  is  frequently  the  case,  the  change  is  made  to  work 
demanding  less  exertion,  and  therefore  invoh'ing  less  con- 
sumption of  energy-producing  material  and  less  accumulation 
of  waste  products,  the  onset  of  general  fatigue  may  be  con- 
siderably postponed. 

The  "  boredom  "  or  "  weariness  "  arising  from  monotonous 
or  otherwise  uninteresting  work  is  a  particular  case  deserving 
of  some  notice.  Now  "  boredom,"  though  itself  not  fatigue, 
simulates  in  its  effects  central  fatigue.  Not  only  so,  but  if 
work  must  be  maintained  in  spite  of  "boredom  ",  there  is 
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rapid  onset  of  central  fatigue  in  its  worst  form.  On  the 
other  hand  this  is  a  case  where  change  of  work  is  most  helpful. 
The  wise  manager  will  take  advantage  of  the  fact.  "  Bore- 
dom "  is  too  harmful  in  its  effects  to  be  ignored. 

Myers  has  drawn  attention  to  the  way  the  daily  curve  of 
output  varies  for  different  kinds  of  work.  For  strenuous 
muscular  work,  he  says,  we  get  a  rapid  and  early  rise  followed 
by  a  definite  fall  in  the  morning  spell,  and  then  a  recovery 
after  dinner  followed  by  a  progressive  fall.  With  work 
requiring  skill  and  dexterity  the  rise  is  more  gradual,  and  the 
fall  less  obvious  in  the  morning,  with  a  less  complete  recovery 
and  a  much  smaller  fall  in  the  afternoon.  In  machine  work 
the  output  reaches  its  maximum  about  the  third  hour  in  the 
morning  spell,  and  then  falls  slightly,  while  in  the  afternoon 
a  high  level  is  maintained.  In  machine  work  where  "  the 
factor  of  rhythmic  action  "  is  involved,  output  starts  at  a 
low  level,  increases  enormously  during  the  first  three  hours, 
then  falls  slightly,  and  in  the  afternoon  the  output  remains 
high,  often  without  any  fall  in  the  last  hour.^  Obviously, 
therefore,  the  onset  of  fatigue  is  different  for  different  kinds 
of  work,  and  so  far  each  kind  of  work  will  require  its  own 
special  treatment.  The  most  effective  method  of  reducing 
the  fatigue  effect  is  by  an  appropriate  arrangement  and 
distribution  of  work  and  rest  periods.  That  method  we  must 
leave  over  for  discussion  in  the  next  chapter. 

Nature's  own  rest  cure  is  sleep.  Unless  a  sufficiency  of 
sound  and  restful  sleep  is  obtained,  more  or  less  central 
fatigue  will  be  always  present.  The  efficiency  of  industrial 
work  will  therefore  depend  to  a  considerable  extent  on  the 
conditions  under  which  the  worker  obtains  his  nightly  sleep. 
From  the  other  side  efficiency  of  work  depends  on  sufficiency 
of  energy-producing  material.  This  is  obtained  from  food 
and  fresh  air.  Hence  the  efficiency  of  industrial  work  will 
depend  no  less  on  the  amount  and  quality  of  the  food  the 
worker  eats,  and  the  amount  of  fresh  air  he  enjoys. 

^  "  Mind  and  Work",  p.  62. 


CHAPTER  VII 
WORK  AND  REST  PERIODS 

IN  the  present  chapter  we  must  consider  the  practical 
significance  for  industry  of  a  proper  distribution  of 
work  and  rest  periods.  We  hope  to  show  how 
important  the  results  obtained  by  the  physiologist  and  the 
psychologist  in  their  investigation  of  work  and  fatigue  are  for 
the  industrialist,  the  worker,  and  the  practical  man.  To 
begin  with,  it  will  be  well  to  give  a  brief  r^sum6  of  the  con- 
clusions to  which  we  are  led  by  the  results  in  question. 
Neglecting  practice,  which  is  only  significant  in  the  case 
of  the  "  new  "  hand,  we  have  three  factors  determining  the 
efficiency  of  work — warming  up,  settlement,  and  fatigue. 
Efficiency  varies  directly  as  the  first  two,  inversely  as  the 
third.  If  the  period  of  working  is  too  short,  efficiency  will 
suffer  from  lack  of  the  first  two  ;  if  it  is  too  long,  efficiency 
will  suffer  because  of  the  presence  of  the  third. 

The  time  that  must  elapse  before  work  reaches  its  maximum 
efficiency  will  vary  with  the  kind  of  work,  and  with  the 
individual  worker  ;  the  time  at  which,  and  manner  in  which, 
fatigue  shows  itself  will  be  similarly  conditioned.  The 
interposition  of  pauses  at  the  proper  intervals,  and  of  the 
right  length,  will  enable  a  high  level  of  efficiency  of  work 
to  be  maintained.  What  are  the  right  intervals,  and  what 
is  the  right  length  of  pause,  can  be  practically  determined 
for  the  different  kinds  of  work  and  for  different  individuals. 
Finally,  there  is  a  total  length  of  daily  work  which  will  give 
the  maximum  of  efficiency  as  measured  in  terms  of  output, 
and  similarly,  in  those  kinds  of  work  to  which  it  is  applicable 
there  is  an  optimal  load.  Again,  these  can  be  practically 
determined. 
The  influence  of  suitably  distributed  rests  in  promoting 
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efficiency  is  admirably  illustrated  by  a  trench-digging  com- 
petition cited  by  Muscio,  Myers,  and  others.  Two  squads 
of  soldiers  set  out  to  try  which  could  dig  the  greater  number 
of  yards  of  trench.  The  officer  in  command  of  the  one  party 
divided  his  men  into  three  sections.  Each  section  worked 
for  five  minutes  at  the  top  of  their  strength,  then  rested  for 
ten  minutes.  There  was  thus  onlj^  one  section — a  third  of 
the  men — working  at  a  time.  The  officer  in  command  of  the 
other  party  used  no  definite  system  at  all,  but  kept  all  his 
men  working  until  they  were  tired  out  and  had  to  take  a 
rest.  As  soon  as  they  seemed  to  be  sufficiently  rested,  they 
resumed  work  as  before.  The  result  of  the  competition  was 
an  easy  victory  for  the  first  group.  This  illustration  is  given 
here  merely  to  emphasize  the  general  fact.  Other  illustra- 
tions will  be  given  in  what  follows,  in  order  to  show  particular 
aspects  of  the  general  fact. 

It  may  be  laid  down  as  a  general  principle  that  the  more 
strenuous  the  work,  the  longer  should  the  period  of  rest  be 
relatively  to  the  period  of  work.  This  is  particularly  applic- 
able to  the  case  of  severe  manual  labour.  Investigations 
carried  out  in  the  Bethlehem  Steel  Works  in  the  case  of  men 
engaged  in  loading  pig  iron  into  railway  trucks  were  held 
to  show  that  the  men  should  not  be  under  the  necessary  load — 
92  lb. — for  more  than  43  per  cent  of  the  working  day  of 
nine  hours,  that  is  for  a  total  time  of  3f  hours.  The  results 
of  this  piece  of  investigation  are  worth  considering  in  detail. 
The  men  were  specially  selected  for  the  work.  They  were 
kept  working  for  periods  of  7  minutes,  and  after  each  such 
period  were  required  to  rest  for  10  minutes.  They  were 
instructed  in  the  best  manner  of  lifting  the  pigs  of  iron,  and 
in  the  best  rate  of  walking,  with  various  other  details  of  the 
work.  The  final  result  was  an  increase  of  300  per  cent  in 
output — instead  of  a  man  hfting  i2|  tons  per  day,  as  under 
the  old  regime,  he  was  now  able  to  lift  without  any  increase 
of  fatigue  an  average  of  47^  tons.  As  a  result  of  this  there 
was  a  66  per  cent  decrease  in  costs,  and  a  60  per  cent  increase 
in  wages. 
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In  all  such  cases  it  is  evident  that  the  question  of  load 
becomes  an  important  one.  With  the  loading  of  pig  iron  the 
load  is  fixed  by  the  weight  of  each  pig.  PracticaUy  it  may 
not  be  possible  to  alter  the  load.  Sometimes,  however,  it  is 
possible.  An  instance,  which  is  important  because  of  its 
wide  applicability,  is  cited  by  Miinsterberg  and  others. 
Again  the  locale  was  the  Bethlehem  Steel  Works.  Hundreds 
of  men  were  employed  in  shovelling  all  kinds  of  material 
from  heavy  iron  ore  to  light  ashes.  The  same  size  of  shovel 
was  used  in  each  case.  The  result  was  that  with  the  heavy 
material  the  load  was  much  too  heavy,  and  fatigue  developed 
rapidly,  whereas  with  the  light  material  the  total  work  done 
was  much  less  than  it  might  have  been,  with  no  greater 
fatigue,  but  for  the  fact  that  the  shovel  would  not  take  more 
at  a  time.  Consequently  the  problem  came  to  be  to 
determine  first  the  best  working-load  for  a  strong  man,  and 
to  determine  secondly  the  best  arrangement  of  work  and 
rest  for  that  load.  These  problems  having  been  solved,  a 
special  shovel  was  constructed  for  each  kind  of  material, 
such  that  on  an  average  the  load  would  always  be  21  lb., 
which  was  the  optimal  load  determined.  After  regulating 
also  in  accordance  with  the  results  of  experimental  research 
the  rate  and  movement  in  shovelling,  the  management 
found  as  the  final  outcome  that  140  men  could  do  the  work 
previously  requiring  500  men,  that  where  the  shovelling 
of  16  tons  of  material  had  previously  been  the  average  day's 
work,  59  tons  on  the  average  could  now  be  shovelled.  As  a 
result  the  expenses  for  this  type  of  work,  inclusive  of  the 
expenses  of  the  investigation  and  the  increased  cost  of  tools, 
were  reduced  by  50  per  cent,  and  the  wages  of  the  shovellers 
increased  bj^  over  60  per  cent. 

These  two  investigations  and  their  results  raise  a  question 
of  industrial  policy  which  has  its  psychological  aspect.  What 
I  is  to  be  the  effect  of  increased  output  on  employment  ?  In 
the  case  last  cited,  where  140  men  can  do  the  work  previously 
requiring  500,  what  is  to  happen  to  the  other  360  ?  The 
economist  can  show  that  ultimatelj^  increased  output  means 
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not  decreased  but  increased  employment.  The  attitude  of 
the  individual  worker,  however,  will  be  determined  by 
immediate,  not  ultimate,  results.  The  psychological  fact,  as 
distinct  from  the  economic,  is  that  you  must  convince  the 
worker  that  he  individually  will  not  be  the  loser,  and  the 
trade  union  that  its  solidarity  will  not  be  imperilled.  This 
difficulty  can  only  be  met  by  some  effective  system  of 
guarantees  against  unemployment  and  loss  during  the 
transition  period.  What  this  system  is  to  be  it  is  hardly  for 
the  psychologist  to  discuss. 

All  the  illustrations  we  have  hitherto  taken  have  been  of 
heavy  muscular  work.  The  arrangement  of  rest  pauses  in 
all  such  cases  must  provide  for  relatively  short  work  periods, 
or  periods  under  load,  and  for  relatively  long  rest  periods. 
In  the  trench-digging  competition,  as  the  reader  will  remember, 
the  rest  period  of  the  winning  team  was  twice  as  long  as  the 
working  period.  The  proportion  changes  as  we  come  to  deal 
with  lighter  muscular  work,  but  of  course  the  exact  proportion 
between  work  and  rest  and  the  best  arrangement  of  work  and 
rest  periods  must  be  experimentally  determined  for  each  type 
of  work.  The  work  has  already  been  done  for  particular 
kinds  of  work,  but  much  remains  to  be  done. 

Two  illustrations  of  the  arrangements  adopted  in  less 
strenuous  muscular  work  may  be  given.  Myers  cites  an 
instance  in  the  bottle-making  industry.^  Three  teams — 
each  team  consisted  of  a  man  and  two  boys — were  employed 
for  two  machines.  The  working  period  was  40  minutes,  and 
the  employment  of  three  teams  instead  of  two  enabled  each 
team  to  have  a  rest  of  20  minutes  after  40  minutes'  work,  the 
machines  being  kept  going  continuously.  The  result  was  a 
considerable  gain.  The  other  instance  is  cited  by  Holling- 
worth  and  Poffenberger.^  In  this  case  the  work  was  folding 
handkerchiefs.  Every  hour  in  the  working  day  was  divided 
into  six-minute  periods.  Each  six-minute  period  comprised 
five  minutes'  work  and  a  one-minute  rest.     The  result  in  this 

^  "  Mind  and  Work  ",  p.  74. 

2  "  Applied  Psychology",  p.   151. 
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case  was  an  increase  in  output  of  200  per  cent,  though  the 
workers  were  only  actually  working  for  five-sixths  of  the  time. 

With  mental  work,  and  probably  highly  skilled  work  of 
any  kind,  the  period  of  warming-up  and  settlement  tends  to 
be  somewhat  long.  Hence,  if  the  efficiency  is  to  be  maintained 
at  a  high  level,  frequent  rest  pauses  are  undesirable.  For 
mental  work  a  five-minute  rest  at  the  end  of  each  hour  of  work 
has  been  recommended.  It  is,  however,  very  difficult  to  lay 
down  definite  schedules  in  such  cases.  Individual  differences 
become  more  and  more  pronounced  as  we  pass  to  this  type  of 
work,  and  must  be  more  and  more  taken  into  account. 

It  cannot  be  too  strongly  urged  that  the  mere  arbitrary 
or  capricious  arrangement  and  distribution  of  work  and  rest 
periods  cannot  be  expected  to  yield  other  than  disappointing 
results.  Any  changes  made  should  only  be  made  after 
exhaustive  experiment,  and  the  experimental  work  required 
is  such  as  the  industrial  psychologist  is  alone  competent  to 
carry  out.  Many  well-meaning  manufacturers  and  factory- 
managers  have  learned  the  truth  of  this  from  their  own  experi- 
ence. Here  once  more  is  work  waiting  for  the  new  profession 
of  "  psychologist." 

The  interposition  of  appropriate  pauses  in  the  day's  work 
does  not  eliminate  all  fatigue.  It  merely  retards  its  develop- 
ment to  such  extent  as  markedly  to  impair  the  working  effi- 
ciency of  the  worker.  The  effect  of  the  pause  in  maintaining 
efficiency  at  a  high  level  is  shown  by  the  increase  in  output, 
even  though  the  actual  working  time  has  been  shortened. 
The  ehmination  of  fatigue,  if  it  takes  place  at  all,  takes  place 
in  the  rest  period  which  intervenes  between  the  work  of  one 
day  and  the  work  of  the  next.  The  solution,  therefore,  of 
the  problem  of  so  distributing  work  periods  and  rest  periods 
as  to  secure  maximum  efficiency  requires  us  to  take  account 
not  only  of  the  distribution  of  work  and  rest  periods,  and 
their  length,  in  the  day's  work,  but  of  the  total  length  of  the 
working  day  itself,  its  relation  to  the  resting  period  before 
the  work  of  the  next  day  begins,  and  the  various  things  that 
normally  occupy  this  resting  period  in  the  life  of  the  worker. 
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That  is  to  say,  the  psychologist  has  still  another  wide  field 
of  study  and  research  to  explore.  Some  of  the  work  here 
also  has  been  done,  but  very  much  remains  to  do. 

It  may  sound  somewhat  paradoxical  to  say  that  a  man  may 
do  more  work  in  eight  hours  than  he  can  do  in  nine  hours. 
But  it  must  be  remembered  that  work  in  an  industrial  under- 
taking goes  on  day  after  day,  and  week  after  week,  and  it 
may  very  well  happen  that  a  higher  efficiency  of  work  is  main- 
tained with  the  smaller  number  of  hours  per  day  to  such  an 
extent  as  to  increase  total  output.  From  the  results  of 
laboratory  investigations  of  work  and  fatigue  we  should,  in 
fact,  expect  to  find  that  there  is  an  optimal  length  of  working 
period  per  day  which  will  5deld  the  most  efficient  work  and 
the  greatest  output,  and  that  output  and  efficiency  are  both 
diminished  either  by  working  less  or  by  working  more.  \ 
Hence  it  need  not  surprise  us  to  find  that  in  certain  cases 
where  it  has  been  tried  decrease  in  working  hours  has  led  to 
increase  in  output.  Even  where  there  has  been  no  increase 
m  output  there  has  often  been  a  decided  gain  in  other 
respects,  as  in  diminished  amount  of  spoiled  work,  diminished 
loss  through  sickness,  bad  time-keeping,  and  the  like. 

An  admirable  illustration  of  what  may  happen  is  given  by 
Muscio  and  quoted  by  Myers. ^  An  urgent  order  was  received 
by  two  apple-growing  estates  managed  by  two  brothers.  The 
workers  were  paid  on  the  piece-rate  system.  One  of  the 
brothers  kept  his  men  working  at  the  ordinary  number  of 
hours  per  day — eight.  In  the  other  case  the  workers  asked 
to  be  allowed  to  work  overtime,  and  worked  ten  hours  a  day. 
At  the  end  of  a  week  the  workers  working  eight  hours  a  day 
M'ere  found  to  have  averaged  from  five  to  six  cases  more  per 
day  than  the  workers  working  ten  hours  a  day.  Surely  no 
more  striking  demonstration  could  be  given  of  the  fact  that  , 
overtime  is  sometimes  highly  uneconomical,  and  may  defeat 
its  own  end.  There  can  be  no  doubt  whatever  that  working 
overtime  tends  to  make  the  worker  put  less  energy  into 
his  work,  sometimes  consciously,  sometimes  unconsciously, 
^  "  Lectures  on  Industrial  Psychology",  and  "  Rlind  and  Work". 
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as  Myers  points  out,  and  as  a  sort  of  "  defence  mechanism  " 
on  the  part  of  the  organism  against  excessive  hours.  It  is  of 
course  not  surprising  that  the  piece-rate  worker  should  be 
opposed  to  a  shortening  of  hours  until  he  is  satisfied  that  his 
pay  will  not  suffer,  and  that  he  will  not  be  overdriven  in  secur- 
ing this  result.  With  reasonable  care  and  tact  it  should 
not  be  difficult  to  convince  him  of  the  facts.  When  pauses 
were  introduced  into  some  of  our  munition  factories  working 
on  the  piece-rate  system,  the  same  difficulty  was  experienced, 
but  it  disappeared  before  the  fact  of  increased  output. 

Many  illuminating  results  were  obtained  in  our  munition 
factories  during  the  war  from  the  various  re-arrangements  of 
working  hours  which  took  place  at  different  times  None  are 
more  illuminating  than  the  results  of  reducing  the  daily  hours. 
In  one  case,  that  of  men  engaged  in  sizing  fuses,  the  hours 
wrought  per  week  were  reduced  from  58  to  50.  The  reduction 
was  followed  by  an  increase  of  39  per  cent  in  hourly  output, 
and  an  increase  of  21  per  cent  in  total  output.  In  another 
case — this  time  the  case  of  women  workers  turning  fuse 
bodies — the  weekly  hours  were  reduced  from  66  to  48.  This 
was  followed  by  an  increase  of  68  per  cent  in  hourly  output, 
and  of  15  per  cent  in  total  output. 

Stanley  Kent  cites  a  case  where  a  woman  worker  in  a 
factory  for  surgical  dressings  refused  to  work  overtime  with 
the  others  from  6  to  8  in  the  evening,  and  also  before  breakfast 
from  6  to  8  in  the  morning.  She  asserted  that  she  could  do 
more  work  in  the  remaining  eight  hours  worked  than  if  she 
worked  for  the  twelve  hours  with  the  others.  Her  claim  was 
tested  by  comparing  her  output  for  a  month  with  the  output 
of  other  hands.  Three  first-class  hands  were  selected,  who 
worked  twelve  hours  a  day  during  the  first  fortnight,  and  ten 
hours  a  day  during  the  rest  of  the  month.  Although  she 
stayed  away  one  whole  day  and  three  half  days  during  the 
month,  the  output  of  the  "  slacker  "  for  the  period  was 
52,429  bobbins,  against  the  best  output  of  the  others,  51,641, 
and  an  average  output  of  the  others  of  48,529.  She  had 
worked  160  hours  against  their  237.^ 

^  "  Engineering",  6  October,  1916. 
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The  illustrations  might  easily  be  multiplied,  but  there  is 
really  no  need.  These  facts  speak  for  themselves,  and  the 
confirmation  they  give  to  experimental  results  obtained  inj 
the  laboratory  is  absolute.  There  is  one  other  important 
point  to  which  Myers  has  drawn  special  attention. '^  That 
is  that  the  full  effects  of  reduced  hours  may  not  show  them- 
selves till  after  the  lapse  of  a  considerable  period  of  time. 
The  whole  human  system  seems  to  have  become  adjusted  to 
a  certain  rate  of  work  and  a  certain  period  of  work,  and  the 
new  adjustment  to  the  improved  conditions  is  only  gradually 
acquired.  Further,  there  is  an  indication,  though  it  cannot 
as  yet  be  claimed  that  there  is  definite  proof,  that  if,  after 
the  adjustment  to  the  new  conditions  is  established,  the  old 
working  hours  be  reverted  to,  the  output  also  immediately 
falls  to  the  old  rate.  This  fact,  if  it  should  prove  to  be  a  fact, 
must  be  taken  into  very  serious  consideration  by  those  who 
would  introduce  overtime  work  on  special  occasions. 

It  is  manifest  that  the  effects  of  rests,  both  in  the  course 
of  the  day's  work,  and  between  the  work  of  one  day  and  the 
next,  will  depend  a  great  deal  on  the  manner  in  which  the 
resting  period  is  spent.  This  must  be  more  particularly 
kept  in  mind  in  the  case  of  the  free  time  after  the  day's  work 
is  over.  It  is  obvious  that  this  time  may  be  so  harmfully 
employed  as  to  more  than  balance  the  gain  that  should  have 
accrued  in  the  efficiency  of  the  work.  At  this  point  industrial 
psychology  touches  the  domain  of  social  work,  and  to  a  still 
greater  extent  perhaps  education.  It  is  largely  the  business : 
of  the  teacher  to  see  that  the  gain,  that  might  be  derived  from 
the  application  of  psychology  to  industry  in  this  respect,  '■ 
is  not  lost  and  even  converted  to  the  detriment  of  society.  j 
^  "  Mind  and  Work",  p.  77. 


CHAPTER  VIII 

ECONOMY   OF  MOVEMENT  AND   METHOD  IN 
LEARNING 

PROBABLY  no  innovation  of  the  scientific-manage- 
ment engineer  has  evoked  more  interest  than  his 
"  time  and  motion  study  ".  He  has  opened  a  practi- 
cally new  field  of  investigation,  and  he  has  developed  in  this 
field  a  refinement  of  method  and  technique  reminiscent  of 
the  psychological  laboratory.  But  it  is  not  the  refinement  of 
method  that  has  interested  the  lay  mind  so  much  as  the 
obvious  importance  of  the  study  from  the  point  of  view  of 
efficiency,  and  the  extraordinarily  wide  scope  for  its  applica- 
tion. All  the  mechanical  improvements  of  the  last  few 
generations — and  such  improvements  have  been  one  of  the 
most  striking  characteristics  of  that  period  in  the  history  of 
mankind — have  been  improvements  because  they  involved 
an  economizing  of  energy  or  a  saving  of  time,  or  both.  The 
attempt  to  save  time  and  economize  energy  in  the  move- 
ments of  the  worker  is  merely  an  extension  to  the  human 
factor  of  the  same  principle,  and  ought,  in  precisely  the  same 
way  and  in  proportion  to  the  measure  in  which  the  movements 
of  the  worker  play  a  significant  part  in  the  total  outcome,  to 
promote  efficiency.  Not  only  so,  but  there  are  numberless 
phases  and  directions  of  human  labour,  in  which  the  mechani- 
cal element  plays  practically  no  part  or  only  an  insignificant 
one,  which  will  be  equally  affected  by  this  new  development. 
From  the  housekeeper  to  the  factory  worker,  from  the  navvy 
to  the  skilled  mechanic,  there  is  no  branch  of  human  labour 
involving  the  movement  factor  that  is  not  interested. 

An  exceedingly  good  illustration  of  the  wide  range  of  signifi- 
6  81 
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cance  attaching  to  movement  study  is  given  by  Christine 
Frederick  in  her  book  "  The  New  Housekeeping  ".  "I  recall  a 
young  bride,"  she  says,  "  who  recently  showed  me  her  new 
kitchen.  '  Isn't  it  a  beauty  ?  '  she  exclaimed.  It  certainly 
had  modern  appliances  of  every  kind.  But  her  stove  was  in 
a  recess  of  the  kitchen  at  one  end.  Her  pantry  was  twenty 
feet  away  at  the  opposite  end.  Every  time  she  wanted  to 
use  a  frying-pan  she  had  to  walk  twenty  feet  to  get  it,  and, 
after  using  it,  she  had  to  walk  twenty  feet  to  put  it  away.  .  .  . 
Wlien  I  see  such  a  kitchen  I  am  reminded  of  the  barker  I 
once  heard  outside  of  a  country  circus.  '  Ladies  and  gentle- 
men/ he  was  calling,  '  come  in  and  see  the  great  African 
crocodile.  It  measures  i8  feet  from  the  tip  of  its  nose  to  the 
tip  of  its  tail,  and  i8  feet  from  the  tip  of  its  tail  to  the  tip  of 
its  nose,  making  in  all,  ladies  and  gentlemen,  a  grand  total  of 
36  feet.'  How  many  women  are  '  making  a  grand  total 
of  thirty-six  steps  '  every  time  they  hang  up  the  egg- 
beater  ?  "  ^ 

The  practical  aim  of  the  scientific-management  engineer  in 
his  study  of  movement  is  to  find  a  way  of  saving  the  time 
and  diminishing  the  fatigue  of  the  worker,  by  eliminating  all 
unnecessary  movements,  or  by  substituting  easier,  more 
effective,  and  more  rapid  movements  for  comparatively  in- 
efficient ones.  We  might  therefore  say  that  he  had  before 
him  what  may  be  described  as  a  general  problem  and  a  problem 
of  detail.  All  manual  work  consists  of  a  series  of  movements. 
If,  on  the  one  hand,  we  can  reduce  the  number  of  movements 
made  in  performing  a  task,  we  ought  by  so  doing  to  expedite 
the  performance  of  the  task,  provided  the  movements  remain- 
ing are  not  prejudicially  affected  as  regards  time  or  difficulty. 
This  is  obvious,  since  no  movement,  however  short  and  how- 
ever rapid,  can  be  performed  in  no  time  at  all,  and  the  elimina- 
tion of  any  movement,  under  the  conditions  mentioned,  must 
save  the  time  that  movement  occupied,  with  the  energy  spent 
in  the  movement  as  well.  The  amount  of  saving  will  be  in 
proportion  to  the  time  and  energy  spent  in  the  movement 
i  Op.  cil.,  p.  46. 
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which  has  been  ehminated.  A  similar  result  will,  on  the  other 
hand,  be  produced  by  the  substitution  of  more  efficient  for 
less  efficient  individual  movements.  The  general  problem  in 
the  study  of  movement  is  to  effect  a  saving  of  time  and  energy 
in  the  first  way  ;  the  problem  of  detail  is  to  effect  a  saving  in 
the  second  way.  We  shall  consider  them  in  turn.  Ana- 
logues of  both  are  of  course  to  be  found  on  the  mechanical 
side  of  industry. 

What  may  be  done  in  the  solution  of  the  general  problem, 
that  is  in  the  reduction  of  the  number  of  necessary  movements 
in  any  complex  series  of  movements,  is  best  illustrated  by 
F.  B.  Gilbreth's  well-known  bricklaying  experiment.  This 
illustrates  at  one  and  the  same  time  the  elimination  of  wholly 
useless  movements,  as  well  as  the  obviating  of  movements 
by  various  simple  devices  by  which  the  movements  are 
rendered  unnecessary.  It  is  therefore  worth  describing  in 
some  detail.^ 

In  the  method  of  bricklaying  as  ordinarily  practised 
eighteen  separate  movements  were  involved.  Some  of  the 
movements  were  obviously  unnecessary,  and  could  easily  be 
eliminated.  The  pile  of  bricks  from  which  the  worker  took 
the  bricks  to  be  laid  was  at  such  a  distance  that  he  had  to 
take  a  step  to  it  for  each  brick,  and  a  step  back  to  the  wall 
he  was  building  to  lay  the  brick.  It  was  easy  to  place  the 
pile  nearer  him  so  that  these  steps  should  not  be  necessary. 
Other  movements  were  eliminated  by  being  made  unnecessary 
in  other  ways.  For  example,  bricks  and  mortar  were  placed 
in  such  a  position  that  the  worker  did  not  require  to  bend 
to  the  level  of  his  feet,  a  very  fatiguing  movement  in  any 
case.  This  change  was  effected  by  the  introduction  of  a 
table  to  carry  the  bricks  and  mortar.  The  successive  picking 
up  of  the  brick  and  the  trowel  of  mortar  was  replaced  by  the 
simultaneous  picking-up  with  one  movement  of  the  bnck 
with  the  left  hand  and  the  trowel  of  mortar  with  the  right. 
The  tap  with  the  trowel  which  the  bricklaj^er  gave  each 
brick  after  laying  it  was  replaced  by  a  slight  pressure  on  the 

^  Quoted  bj'  several  writers  :   Taylor,  Miinsterberg,  Muscio,  etc. 
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brick  as  it  was  laid.  Finally,  it  was  customary  for  the  brick- 
layer to  inspect  each  brick  to  see  that  it  was  placed  with  the 
proper  face  outwards,  and  if  necessary  to  turn  it.  The 
inspection,  act  of  volition,  and  turning  of  the  brick  were 
eliminated  by  making  it  the  duty  of  a  special  man — unskilled 
— to  see  that  the  bricks  were  placed  on  the  table  in  such  a 
way  that  the  bricklayer — the  skilled  man — could  place  them 
immediately  on  the  wall  without  turning  them.  The  result 
of  all  this  was  that  the  necessary  movements  were  reduced  ■ 
to  five,  and  that  by  the  new  method  a  bricklayer  was  able 
to  lay  350  bricks  per  hour,  in  place  of  the  120  which  repre- 
sented the  normal  hour's  work  on  the  old  method.  In  this 
country  the  present  day's  work  of  the  bricklayer  is  300 
bricks  ! 

Further  illustrations  might  easily  be  given,  but  this  ought  to 
suffice  as  far  as  the  general  problem  is  concerned.  In  this 
bricklaying  experiment  two  important  principles  are  exempli- 
fied, by  which  a  saving  is  effected  in  time  and  energy,  which 
have  Httle  to  do  with  "  motion  study  "  in  the  strict  sense 
in  which  it  is  now  generally  used.  The  first  of  these  principles 
is  the  principle  of  so  arranging  tools  and  materials  as  to 
enable  each  to  be  taken  at  the  proper  time  for  its  use,  without 
any  needless  waste  of  time  and  energy.  The  second  is  the 
principle  of  economizing  the  time  and  energy  of  the  highly 
skilled  workman  by  using  the  time  and  energy  of  the  unskilled 
for  performing  such  functions  as  the  unskilled  can  easily 
perform.  Both  are  important  principles,  and  in  practice  they 
tend  to  produce  the  result  at  which  the  study  of  movement 
was  aiming  from  the  beginning.  "  Motion  study  "  as  now 
understood,  that  is  the  study  of  the  actual  movements 
made,  aims  at  the  same  result,  and  seeks  to  attain  that  result 
by  substituting,  as  we  have  said,  more  efficient  for  less  i 
efficient  movements  and  movement  elements.  This  involves 
a  study  of  each  particular  movement  in  detail.  It  is  the 
problem  of  detail. 

The  history  of  the  development  of  methods  of  detailed 
"  motion  study  "  is  full  of  interest.  At  first  the  experimenter 
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merely  watched  the  movement,  with  a  stop-watch  in  hand, 
and  recorded  the  time  taken.  It  was  found  that  the  "  same  " 
movement — as  far  as  the  purpose  and  intention  of  the  worker 
was  concerned — was  made  by  two  different  workers  in  very 
different  times.  At  least  we  may  suppose  this  to  have  been 
the  finding.  The  real  problem  had  then  to  be  faced  of 
determining  the  reasons  why  this  difference  of  time  existed. 
Once  the  reasons  for  the  difference  were  discovered,  the 
elimination  of  the  difference  was  a  practical  question  which 
might  be  met  in  one  of  two  practical  ways,  either  by  teaching 
the  inferior  workman  the  better  movement,  or,  if  that  were 
impossible,  using  the  time  of  movement  as  a  test  for  selecting 
workers  for  that  particular  work. 

It  was  soon  discovered  that  in  this  kind  of  investigation 
the  method  employed,  of  observing  the  movement  with 
stop-watch  in  hand,  was  not  nearly  sufficiently  delicate,  was 
in  fact  quite  inadequate  for  dealing  with  such  a  problem. 
The  next  step  was  to  get  a  photographic  record  of  the  move- 
ment as  made  by  different  individuals,  which  would  show 
what  differences,  if  any,  there  were  in  the  actual  elements 
of  which  the  movement  as  a  whole  was  built  up.  A  photo- 
graph was  obtained  by  attaching  a  small  electric  lamp  to  the 
moving  limb,  and  placing  a  camera  in  such  a  way  that  the 
moving  light  would  trace  a  line  on  the  exposed  plate.  The 
timing  of  the  whole  movement  was  still  done  with  the  stop- 
watch. A  simple  mechanical  device,  however,  could  be 
adopted,  which  would  enable  the  experimenter  to  dispense 
with  the  stop-watch.  This  was  the  next  step  taken.  It 
consisted  in  the  introduction  into  the  circuit  of  the  electric 
lamp  of  an  interrupter  which  would  interrupt  the  current 
supplying  the  lamp  at  regular  intervals.  The  result  of  this 
was  to  produce  on  the  camera  plate  a  series  of  dashes,  in 
place  of  a  continuous  line,  each  dash  representing  a  known 
interval  of  time.  This  is  the  arrangement  known  as  the 
chronocyclegraph. 

Two  other  refinements  have  been  added.  In  order  to  show 
in  which  direction  the  movement  is  taking  place,  an  ingenious 
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arrangement  is  made,  by  which  the  current  is  interrupted 
gradually,  in  place  of  being  cut  off  at  once.  The  effect  of 
this  is  to  substitute  on  the  photographic  plate  blunt  arrow- 
heads for  dashes.  In  order  to  measure  the  exact  extent  of 
any  movement,  steps  are  taken  to  secure  that  the  photograph 
of  a  screen  showing  squares  of  known  dimensions  is  intro- 
duced on  the  same  plate  as,  and  underlying,  the  photograph 
of  the  movement.  For  some  purposes  this  last  appears  a 
rather  unnecessary  refinement,  since  simple  measurement 
and  a  constant  distance  would  seem  to  serve  the  same  end. 
It  ought  to  be  mentioned  that  cinematography  has  also  been 
employed,  the  face  of  a  clock  being  recorded  on  the  film  for 
timing  purposes,  but  this  method  has  not  proved  very  success- 
ful, especially  in  view  of  the  next  stages  in  "  motion  study." 

In  the  way  described,  a  photographic  record  of  any  move- 
ment may  be  obtained,  from  which  time,  extent,  and  direction 
of  movement  may  be  directly  read  off.  But  the  record  is 
on  a  plane  surface,  and  the  actual  movement  may  involve 
space  of  three  dimensions.  So  far,  the  photograph  will 
apparently  be  a  rather  imperfect  representation  of  the 
movement  for  purposes  of  "  motion  study."  This  difiiculty 
is  got  over  by  employing  a  stereoscopic  camera.  By  means 
of  this  we  get  two  photographs,  which  on  being  placed  in 
a  stereoscope  enable  us  to  see  the  movement  in  tridimensional 
space.  The  record  of  the  movement  is  thus  complete.  To 
allow  the  movement  to  be  studied  carefully  and  in  detail  at 
his  leisure,  the  investigator  now  constructs  from  this  stereo- 
scopic view  a  wire  model  in  three  dimensions.  Working 
from  this  model,  he  determines  where  and  how  modifications 
can  be  introduced,  which  will  have  the  effect  of  shortening 
the  path  of  movement.  The  only  thing  remaining  is  to 
determine  practically  whether  this  effect  can  be  realized, 
and  then  the  "  motion  study  "  has  attained  its  end. 

To  prevent  the  reader  getting  a  wrong  impression,  it  is 
necessary  to  say  that  time  has  still  to  show  whether  all  these 
refinements  in  "  motion  study "  are  justified  b}'  results. 
That    "  motion    stud)^ "    itself    is    justified    by    results    is 
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unquestionable.  Some  illustrations  may  be  given.  These 
are  selected  mainly  from  Myers.  ^  An  operation  in  moulding 
normally  took  53  minutes.  The  investigator  said  that,  if 
the  workers  were  trained  in  improved  methods,  it  should 
be  done  in  44  minutes.  Actually,  after  the  workmen  had 
become  expert  through  practice,  it  was  done  in  20  minutes. 
This  meant  an  increase  of  165  per  cent  in  output,  and  the 
wages  of  the  men  were  as  a  result  increased  by  60  per  cent. 
In  a  case  of  cotton  folding,  the  separate  movements  were 
reduced  from  20-30  to  10-12.  This  involved  an  increase 
in  output  of  220  per  cent.  In  the  work  of  putting  paper 
covers  on  small  boxes  there  was  an  increase  of  output 
amounting  to  100  per  cent.  The  same  result  was  obtained 
in  a  sweets  factory.  An  increase  of  output  amounting  to  170 
per  cent  was  obtained  in  packing  cloth,  and  of  230  per  cent 
in  pillow-case  making. 

But  in  these  and  other  results  achieved  by  "  motion 
study  "  there  is  another  important  psychological  factor  to 
be  taken  into  account,  which  as  yet  has  merely  been  indicated. 
It  is  not  sufficient  for  the  expert  investigator  to  discover 
more  efficient  movements  and  better  methods.  The  worker 
must  also  be  trained  in  these  new  movements  and  methods. 
Hence  efficiency  of  movement  as  a  problem  for  the  industrial 
psychologist  is  practically  bound  up  with  the  further  problem 
of  economy  in  learning.  Our  next  task  is,  therefore,  to 
consider  the  psychological  phenomena  of  learning,  so  far  as 
these  have  a  bearing  upon  the  present  problems. 

There  are  two  groups  of  phenomena  investigated  by  the 
psychology  of  learning,  which  seem  specially  relevant  to  the 
industrial  problems  and  needs  at  this  point.  These  are  the 
phenomena  of  interference,  already  discussed  in  a  previous 
chapter, 2  and  the  phenomena  of  distribution  of  repetitions 
or  of  learning  periods.  The  phenomena  of  interference  do 
not  require  to  be  described  again.     They  come  into  the 

^  "  Mind  and  Work",  pp.  13-16. 

2  Chapter  V.  For  fuller  discussion  see  author's  "Psychology  of 
Everyday  Life". 
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picture  here,  because  of  the  fact  that  a  wrong  or  imperfect 
movement  made  by  a  workman  in  learning  any  new  move- 
ment, tends  to  delay  and  retard  the  learning,  and  may  in  ex- 
treme cases  impair  the  efficiency  of  the  workman  permanently 
as  far  as  that  movement  is  concerned.  Hence  in  some  cases 
it  may  be  easier  to  teach  a  new  movement  to  a  novice  than 
to  a  man  who  has  become  expert  in  the  movement  we  wish  to 
replace.  This  in  itself  may  explain  the  opposition  which  a 
reform  of  this  kind  frequently  meets  on  the  part  of  the 
worker.  The  opposition  may  be  in  the  nature  of  a  "  defence 
mechanism  "  against  a  more  or  less  unconscious  anticipation 
of  the  difficulty  or  the  inferiority  the  change  is  likely  to 
involve.  But  the  most  important  lesson  which  the  psycho- 
logy of  learning  inculcates  in  this  connexion  is  the  desirability 
of  careful  supervision  at  the  start  of  practice  to  prevent  a 
wrong  movement  being  acquired  early.  Not  only  does  the 
wrong  movement  impair  efficiency  through  interference 
because  it  is  the  wrong  movement,  but  the  older  it  is,  that 
is  the  earlier  it  is  acquired,  the  more  permanent  is  its  effect. 
This  means,  of  course,  that  mistakes  made  at  a  late  stage 
in  the  process  of  learning  a  new  movement  are  far  less  signifi- 
cant and  serious,  as  far  as  the  impeding  of  the  learning 
itself  is  concerned,  than  mistakes  made  at  an  early  stage. 
All  sorts  of  practical  rules  could  be  deduced,  but  that  which 
contains  them  all  is,  "  Make  sure  that  the  movement  is  right 
from  the  start ". 

Of  the  many  experimental  investigations  of  learning,  few 
have  brought  to  light  results  of  greater  practical  importance, 
in  a  great  variety  of  fields,  than  those  bearing  upon  the 
distribution  of  learning  periods.  It  has  been  shown  that  in 
learning  something  by  heart  a  given  number  of  repetitions 
will  produce  a  better  effect  the  more  widely  they  are  dis- 
tributed. Suppose,  for  example,  that  we  intend  to  give 
twelve  repetitions.  We  shall  get  the  poorest  result  from  these 
repetitions  by  taking  them  one  after  another  at  a  single 
sitting,  and  the  best  result  by  taking  them  one  a  day  for  twelve 
successive  days.    The  case  of  practice   or  learning  periods 
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is  more  or  less  analogous.  There  are  limits  to  the  economical 
distribution  of  repetitions  or  practice,  but  these  limits  depend 
on  the  conditions  which  rule  efficiency  or  work  rather  than 
on  learning  itself.  An  American  investigator,  Starch,  using 
the  "  substitution  test  "  already  described  for  the  learning, 
compared  four  groups  of  subjects,  working  with  different 
learning  periods.  The  first  groups  worked  lo  minutes  at 
a  time  twice  a  day  for  six  days  ;  the  second  group  worked 
20  minutes  at  a  time  once  a  day  for  six  days  ;  the  third 
group  worked  40  minutes  at  a  time  ever3'^  other  day  for 
six  days  ;  and  the  fourth  group  worked  right  on  for  120 
minutes  at  a  single  sitting.  Each  subject  made  a  mark  at 
the  end  of  every  five  minutes  of  work  to  show  the  point  he 
had  reached.  The  results  showed  that  the  shorter  and  more 
numerous  the  intervals,  the  more  rapid  was  the  improvement. 
But  the  curves  of  learning  also  showed  that  the  limit  of 
economical  learning  had  nearly  been  reached,  if  it  had  not 
been  overstepped.  The  advantage  of  the  lo-minute  group 
over  the  20-minute  group  was  much  less  than  the  advantage 
of  the  latter  over  the  40-minute  group,  and  at  one  point,  late 
in  the  learning,  the  curve  for  the  20-minute  group  crossed 
and  ran  above  the  curve  for  the  lo-minute  group.  It  is 
interesting  to  note  that  the  shorter  period  gave  an  advantage 
from  the  outset,  even  during  the  first  ten  minutes  of  work, 
when  one  might  suppose  that  all  the  groups  would  be  equal. 
This  was  probably  due  to  the  fact  that  this  group  un- 
consciously put  more  energy  into  their  work,  and  would 
from  that  point  of  view  indicate  a  further  cause  of  increased 
efficiency  of  work  when  pauses  are  duly  distributed. 

There  can  be  little  doubt  that  a  great  deal  of  the  time  we 
spend  in  the  practice  of  various  things — games  and  the  like — 
is  spent  very  uneconomically  from  the  point  of  view  of  acquir- 
ing that  skill  which  is  the  aim  of  the  practice.  The  same  holds 
of  work.  In  Starch's  experiment,  if  we  represent  the  effi- 
ciency of  the  first  group  after  two  hours'  practice  by  300, 
the  efficiency  of  the  fourth  group  would  be  only  140  after 
the  same  period  of  practice.    The  difference  is  a  very  signifi- 
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cant  one,  and  indicates  with  sufficient  clearness  the  extent 
of  the  loss  in  time  which  a  bad  distribution  of  practice  periods 
may  involve.  The  best  distribution  of  practice  periods  will 
doubtless  depend  on  a  variety  of  circumstances,  and  there  is 
need  for  more  investigation  here,  especially  investigation 
bearing  upon  the  different  kinds  of  practice,  or  rather  of 
skill,  involved  in  industrial  work,  but  the  general  principle 
is  clear. 

The  effect  of  the  distribution  of  learning  periods  on  the 
acquirement  of  skill  depends  in  part  on  the  factors  determin- 
ing efficiency  of  work,  which  have  already  been  discussed 
in  last  chapter.  But  it  depends  also  in  part  on  interference. 
The  influence  of  interfering  wrong  associations  and  connexions 
is  eliminated  by  allowng  a  period  of  time  to  elapse.  Working 
with  mirror-drawing — that  is  drawing  by  watching  the  hand 
and  the  figure  in  a  mirror  in  place  of  directly — as  a  practical 
exercise  in  the  study  of  learning,  with  the  students  in  the 
laboratory,  we  often  get  results  of  this  kind  :  the  student 
makes,  say,  six  attempts,  and  acquiring  skill  with  the  practice 
succeeds  in  reducing  the  time  taken  to  trace  a  simple  figure 
from  about  four  minutes  at  the  first  attempt  to  about  a 
minute  and  a  half  at  the  sixth  ;  then  when  he  tries  again 
after  a  fortnight,  without  having  any  practice  during  the 
intervening  time,  his  time  at  the  first  trial  may  have  dropped 
to  seventy-five  seconds.  An  American  investigator  in  a 
typewriting  experiment  extending  over  five  years,  tested  a 
subject  four  and  a  half  months,  and  again  a  year  and  a  half 
after  he  had  had  practice.  On  the  first  occasion  the  score 
was  slightly  lower  than  the  average  of  the  last  ten  of  the 
practice  series,  but  in  the  second  and  later  test  a  decided 
gain  on  these  practice  results  was  shown. 

One  other  point  about  learning  deserves  to  be  noted. 
WTiere  a  process  of  learning  is  extended  over  a  long  period 
of  practice,  the  curve  of  learning  does  not  show  a  continuous 
gain  in  skill  or  dexterity.  It  shows  rather  a  series  of  slopes 
with  intervening  plateaus,  and  this  seems  to  be  a  characteristic 
of  all  learning.    The  explanation  appears    to   be  that   in 
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any  complex  learning  process  habits  of  different  orders  or 
levels  must  be  established.  The  lower-order  habits  must  be 
established  before  it  is  possible  to  advance  to  the  acquiring 
of  higher-order  habits.  Any  attempt  to  advance  too  quickly 
will  defeat  itself.  A  knowledge  of  this  fact  is  important 
for  any  one  who  has  to  supervise  training.  It  enables  him, 
on  the  one  hand,  to  give  encouragement  where  it  is  needed 
because  of  apparent  lack  of  progress,  and  on  the  other  hand 
to  prevent  the  learner  trying  to  go  too  fast,  and  so  running 
the  risk  of  losing  much  of  what  he  has  gained.  In  the  pheno- 
menon of  the  "  plateau  "  interference  also  seems  to  play  a 
prominent  part.  The  acquiring  of  higher  co-ordinations 
is  only  possible  when  the  lower  co-ordinations  have  been 
established.  The  reason  is  that  the  two  orders  of  habits  or 
co-ordinations  interfere  with  one  another,  unless  the  first 
has  been  completely  established  and  so  made  mechanical 
before  the  learning  of  the  second  starts.  There  is  mutual 
interference.  Hence  the  attempt  to  go  too  quickly  may 
lose  much  of  what  has  already  been  acquired. 

These  facts  and  phenomena  of  learning  have  obviously  a 
much  wider  application  than  merely  to  the  results  of  "  motion 
study  ".  Every  industrial  undertaking  must  at  all  times 
reckon  on  a  certain  proportion  of  its  employees  being  "  new  " 
hands.  Even  when  the  traditional  movements  and  traditional 
methods  of  work  are  retained,  the  "  new  "  hands  have  to 
learn  these  movements  and  methods  of  work.  Haphazard 
learning  of  the  kind  which  has  hitherto  prevailed  is  attended 
with  considerable  risk,  and  may  easily  prove  very  expensive. 
The  risk  is  that,  as  a  result  of  wrong  learning,  the  efficiency 
of  a  workman  may  be  permanently  impaired.  The  expense 
is  incurred  by  the  waste  of  time,  energy,  and  possibly  material, 
which  uneconomical  learning  involves.  The  greater  the 
extent  to  which  the  process  to  be  learned  demands  high 
technical  skill,  the  more  serious  the  risk  and  the  waste  attend- 
ing haphazard  learning.  Hence  expenditure  on  the  systematic 
organization  of  learning  in  all  industries,  and  the  systematic 
application  of  the  psychological  principles  underl5dng  learn- 
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ing,  will,  beyond  question,  repay  itself  with  interest,  both 
to  the  individual  employer  and  to  the  community  at  large, 
in  the  increased  efficiency  of  work  which  will  result.  This 
is  partly  an  argument  for  technical  schools,  but  it  is  difficult 
to  believe  that  technical  schools  can  meet  all  the  needs  of 
industry  in  this  regard. 


CHAPTER  IX 

OTHER    FACTORS    INFLUENCING    EFFICIENCY    OF 

WORK 

THE  other  main  factors  which  may  play  a  part  in 
determining  the  worker's  efficiency  may  be  gathered 
together  and  briefly  discussed  in  a  single  chapter. 
They  fall  into  two  groups — a  group  which  we  may  charac- 
terize as  physiological  rather  then  psychological,  in  its  direct 
action,  and  a  group  which  is  primarily  psychological.  In 
the  first  group  would  come  the  lighting,  ventilation,  and 
temperature  of  the  workshop  or  factory  ;  in  the  second  group 
the  chief  factors  are  the  presence  or  absence  of  distraction 
in  the  conditions  under  which  the  work  must  be  done,  and 
the  emotional  state  of  the  worker.  To  some  extent  the 
separation  of  the  factors  in  this  way  is  arbitrary,  as  we  shall 
see  presently,  but  they  may  be  discussed  in  the  order  in  which 
we  have  named  them. 

Lighting. — Some  interesting  and  industrially  important 
work  has  been  done  in  recent  times  on  the  effects  of  various 
intensities  and  kinds  of  illumination  on  the  worker  in  school 
or  home,  office  or  factory.  We  tend  to  be  somewhat  incredu- 
lous regarding  the  alleged  effects  of  good  and  bad  lighting 
respectively  on  the  efficiency  of  work,  until  the  modus  operandi 
of  the  physical  stimulus,  and  the  physiological  and  psycho- 
logical phenomena  involved,  become  clear  to  us.  These 
phenomena  are  of  four  distinct  kinds.  In  the  first  place  a 
bright  object,  hke  an  electric  hght,  or  its  reflection  on  a 
highly  polished  surface,  coming  into  the  margin  of  the  field 
of  vision,  tends  to  draw  the  attention  and  the  eye  towards 
it.  This  tendency  is  a  reflex  or  instinctive  tendency  operating 
independently   of   our   volition.    The  light   strikes   on   the 
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margin  of  the  retina,  and  the  eye  immediately  turns  towards  it 
so  as  to  bring  it  into  the  field  of  direct  vision.  The  movement 
of  the  eye  is  produced  by  the  contraction  of  certain  muscles. 
In  order  to  prevent  its  taking  place  the  antagonistic  muscles 
must  be  kept  in  a  state  of  tension.  Hence  the  worker,  who 
is  attending  to,  and  fixing  his  eyes  upon  some  object  directly 
in  front  of  him,  at  which  he  is  working,  will  have  to  exercise 
muscular  energy  continuously  to  maintain  this  fixation, 
provided  there  is  a  bright  light  stimulating  the  margin  of  the 
retina  at  the  same  time.  There  will  thus  be  consumption  of 
energy,  and  naturally,  therefore,  an  eariier  onset  of  fatigue, 
and  to  a  by  no  means  insignificant  extent.  In  the  second 
place  there  is  also  an  instinctive  tendency  to  focus  the  eye 
for  the  bright  object  in  the  marginal  field  which  is  attracting 
attention.  This  also  is  done  by  means  of  muscular  con- 
traction, and  its  resistance  involves  the  consumption  of  energy. 
In  the  third  place  the  margin  of  the  retina,  and  not  the 
centre,  is  most  sensitive  to  light  intensity.  In  very  dim 
light  the  centre  is  practically  blind,  and  it  is  by  means  of  the 
marginal  field  that  we  see.  As  adjusted  for  dim  light,  the 
marginal  field  is  always  highly  sensitive  to  light  intensity  ; 
as  adjusted  for  bright  light,  the  centre  of  the  visual  field 
is  not  highly  sensitive.  Bright  light,  therefore,  falling  on  the 
marginal  field,  say  from  the  side,  always  produces  an  uncom- 
fortable glare.  Apart  from  the  permanent  injurious  effect 
on  the  eyesight,  the  immediate  effect,  the  discomfort,  is  highly 
distracting  and  deleterious  as  far  as  efficiency  of  work  is 
concerned.  In  the  fourth  place,  in  consequence  of  the 
phenomena  of  visual  contrast,  if  two  neighbouring  retinal 
areas  are  stimulated  with  very  different  light  intensities, 
as  in  the  case  of  high  lights  and  deep  shadows,  both  light 
and  shadow  will  be  enhanced,  with  the  result  that  even  a 
moderately  bright  light  may  produce  an  uncomfortabl* 
glare. 

The  main  practical  deduction  from  all  this  is  the  importance 
of  uniformity  of  illumination.  Uniformity  is  much  more 
important  than  intensity  under  actual  working  conditions 
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in  the  factory.  Within  hmits  the  eye  can  adapt  itself  to  a 
light  of  lower  intensity  without  any  loss  in  efficiency,  except 
for  very  special  kinds  of  work  demanding  high  light  intensity. 
With  daylight  it  is  much  easier  to  get  the  best  conditions  of 
illumination  reahzed,  though  even  with  daylight  the  wrong 
location  of  the  windows  relative  to  the  workers,  and  lack 
of  care  in  removing  polished  surfaces,  dark  shades,  and  the 
like  out  of  the  visual  field  may  neutralize  all  the  advantages. 
Where  artificial  lighting  must  be  resorted  to,  naked  lights 
should  be  avoided.  Indirect  lighting  will  obviously  be  the 
most  satisfactory.  But  there  does  not  seem  any  need  to 
enter  into  details.  After  what  has  been  said,  the  principles 
upon  which  efficient  lighting  will  in  the  main  depend,  ought 
to  be  quite  clear.  Muscio  states^  that  "  a  certain  firm 
increased  the  output  of  its  evening  workers  ten  per  cent, 
simply  by  changing  its  system  of  lighting  ". 

Temperature  and  Ventilation. — Recent  years  have  seen  a 
great  increase  in  our  knowledge  of  the  facts  and  phenomena 
of  ventilation,  very  largely  through  the  systematic  experi- 
mental investigations  conducted  in  the  laboratories  of  the 
New  York  State  Commission  on  Ventilation.  It  has  been 
clearly  shown  that  many  of  the  traditional  views  regarding 
the  need  for  ventilation,  the  real  producing  causes  of  the  bad 
effects  arising  from  lack  of  ventilation  and  the  like,  were 
erroneous,  or  at  any  rate  require  considerable  modification. 
Thus  it  was  formerly  believed  that  the  lassitude  and  head- 
ache experienced  by  an  individual  confined  in  a  crowded 
and  badly  ventilated  room  were  due  to  the  decrease  of  oxygen 
and  increase  of  carbon  dioxide  in  the  confined  air,  which 
resulted  from  the  fact  that  the  individuals  in  the  room,  in 
breathing,  exhausted  the  oxygen  and  breathed  out  carbon 
dioxide.  Now,  there  cannot  be  any  doubt  that  the  decrease 
of  oxygen  and  increase  of  carbon  dioxide  in  the  air  of  a  room, 
provided  it  exceeded  certain  limits,  would  produce  deleterious 
effects.  But  as  far  as  physiological  experiments  go,  no  such 
effects  can  be  demonstrated,  until  the  decrease  and  increase 
^  "  Lectures  on  Industrial  Psychology  ",  ztid  ed.,  p.  i6i. 
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are  far  beyond  the  limits  actually  found  in  the  worst  venti- 
lated schools  or  factories.  It  has  also  been  supposed  that 
organic  matter  given  off  from  the  lungs  and  from  the  surface 
of  the  human  body  contains  a  poison  called  "  anthropotoxin," 
which  is  the  producing  cause  of  the  various  bad  effects.  This 
theory  must  also  be  abandoned.  Experiments  on  animals, 
which  were  supposed  to  support  it,  have  been  shown  to  have 
been  unsatisfactory  and  inconclusive,  and  the  technique  of 
the  experiments  faulty. 

It  can  now  be  regarded  as  certain  that  it  is  the  rise  of  body 
temperature,  and  not  the  contaminated  air,  that  brings  about 
the  discomfort,  lassitude,  and  headache,  experienced  in  a  badly 
ventilated  room,  and  that  the  rise  of  body  temperature  is 
determined  by  increase  of  temperature  and  humidity  in  the 
enclosed  space.  The  body  itself  under  ordinary  conditions 
produces  more  heat  than  is  necessary  for  the  maintenance  of 
the  normal  temperature,  and  to  an  extent  in  proportion  to 
the  degree  of  muscular,  glandular,  and  nervous  activity. 
This  excess  heat  is  given  off  mainly  by  radiation  from  the 
surface  of  the  body,  and  evaporation  of  the  perspiration. 
Obviously  with  rise  of  temperature  of  the  surrounding  air 
the  radiation  will  tend  to  diminish,  and  if  the  temperature 
rises  beyond  a  certain  point  it  will  cease  altogether,  and 
radiation  in  the  opposite  direction  take  its  place.  The  balance 
may  for  some  time  be  preserved  by  increased  perspiration 
and  evaporation.  But  with  increase  in  the  humidity  of  the 
surrounding  air,  evaporation  from  the  body  surface  will  tend 
proportionately  to  be  retarded.  The  result  of  boh  these 
changes  will  therefore  be  to  raise  the  body  temperature  above 
the  normal,  and  the  condition  will  become  that  of  "  fever  ". 
With  poor  ventilation  this  is  precisely  what  takes  places.  The 
temperature  of  the  air  gradually  rises,  and  at  the  same  time 
the  air  becomes  saturated  with  moisture,  and  its  cooling  effect 
on  the  body  disappears.  The  continuous  displacing  of  heated 
and  saturated  by  fresh  air  through  ventilation  prevents  the 
development  of  the  injurious  condition. 

That  this  is  the  real  explanation  of   what  happens  can 
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be  conclusively  demonstrated  by  experiment.  If  several 
individuals  are  kept  for  some  time  in  an  air-tight  chamber,  they 
begin  to  show  the  usual  familiar  symptoms  of  bad  ventilation. 
These  symptoms  do  not  disappear  even  if  they  are  allowed 
to  breathe  fresh  air  by  means  of  tubes  extending  into  the  outer 
air.  An  individual  in  the  outer  air,  breathing  through  a  tube 
the  air  of  the  chamber,  does  not  show  the  symptoms.  Hence 
obviously  it  is  the  being  in  the  room  atmosphere,  not  the 
breathing  of  it,  that  produces  the  symptoms. 

The  chief  practical  conclusions  to  be  drawn  from  the  facts 
as  they  are  now  known  are  :  (i)  that  too  high  a  temperature 
should  not  be  maintained  in  houses,  workshops,  or  factories, 
and  (2)  that  enclosed  air  should  be  kept  in  motion  by  fans  or 
by  a  current  of  air  from  open  windows.  The  temperature 
of  factory  or  workshop  should  be  maintained  between  50  and 
60  degrees  Fahrenheit,  tending  towards  the  lower  or  the  upper 
hmit  according  as  the  workers  are  vigorously  or  moderately 
active.  The  optimal  humidity  varies  with  the  temperature. 
The  higher  the  temperature  the  more  moisture  can  the  air 
hold.  If  the  humidity  is  too  low  the  effect  will  be  dry  and 
sore  throat.  At  the  temperatures  recommended  the  wet 
bulb  thermometer  ought  to  read  about  7  degrees  below  the 
dry  bulb. 

The  effect  of  good  or  bad  conditions  with  respect  to  ventila- 
tion on  working  efficiency  is  both  direct  and  indirect,  both 
physiological  and  psychological.  Experiments  show  that 
the  impairment  of  physical  efficiency  may  be  considerable. 
Thus  it  has  been  shown  that  the  physical  efficiency  at  a 
temperature  of  68  degrees  is  37  per  cent  greater  than  it  is  at 
86  degrees.  The  mental  effect  is  more  complex  and  not  so 
easily  determined.  Apparently  no  immediate  impairment  of 
mental  efficiency  may  take  place  even  when  the  conditions 
are  extremely  adverse  as  far  as  physical  efficiency  is  concerned. 
Experimental  work  on  these  problems,  however,  is  still  being 
carried  on. 

Another   factor   affecting   efficiency   of   work,    to    which 
scientific-management  engineers  have  devoted  some  attention 
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recently,  is  the  position  which  must  be  maintained  by  the 
worker  during  working-time.  If  the  worker  has  to  stand  for 
a  long  period,  or  maintain  a  cramped  position,  it  is  obvious 
that  the  total  fatigue  produced  is  only  partly  due  to  the  work. 
Provided  these  additional  fatigue-producing  agencies  are 
ehminated,  the  work  ought  to  gain  in  efficiency.  In  view  of 
this  various  devices  have  been  introduced  to  enable  the  worker 
to  sit,  or  at  least  keep  a  half-sitting  position,  during  work. 
Some  of  these  devices  are  interesting  from  the  point  of  view 
of  industrial  management  and  welfare  work,  but  they  involve 
no  new  psychological  principles. 

Distraction. — The  experimental  evidence  with  respect  to 
the  influence  of  distraction  on  the  efficiency  of  work  is  very 
conflicting,  and  very  difficult  to  interpret.  This  statement 
may  appear  surprising  to  a  person  who  has  never  conducted 
such  experiments,  and  is  unacquainted  with  experimental 
results  obtained  by  others.  It  seems  so  obvious  that  distrac- 
tion must  impair  the  efficiency  of  work,  when  we  think  of 
the  effect  on  our  own  work  of  an  aching  tooth  or  a  throbbing 
finger.  If  it  does  not  immediately  and  directly  impair 
working  efficiency,  it  must  surely  accelerate  the  onset  of 
fatigue.  That  is  what  might  be  called  the  view  of  the  lay- 
man. But  a  little  experience  in  the  experimental  investiga- 
tion of  the  effects  of  distraction  will  soon  dispel  the  confident 
notion  that  we  already  know  all  about  it.  The  author  has 
conducted  a  fairl}^  extensive  series  of  experiments  on  school 
children,  varying  in  age  from  eight  to  fourteen,  with  the  object 
of  determining  the  effect  on  efficiency  of  work  of  distraction 
by  noise,  and  on  adults,  using  electric  shocks  in  place  of  noise. 
In  the  children  experiments  the  character  of  the  noises  was 
changed  every  half-minute  to  prevent  accommodation  taking 
place,  and  in  some  cases  the  intensity  was  sufficientl}'  great 
to  compel  the  head  master  of  the  school  to  remove  from  his 
room,  which  adjoined  that  in  which  the  experiments  were 
conducted,  because  he  could  not  ^ei  on  with  his  correspond- 
ence. The  work  done  by  the  children  was  the  cancellation 
of  the  A's  in  a  specially  prepared  blank.     Though  the  results 
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varied  in  detail  with  children  of  different  ages,  the  output  of 
work  almost  uniform^  showed  increase,  without  any  deteriora- 
tion in  quality,  under  the  distraction.  In  the  experiments 
with  adults  cancellation  was  also  employed,  but  in  this  case 
of  all  the  vowels  in  a  column  of  ordinary  newspaper  print. 
The  electric  shocks  were  given  to  the  left  hand,  the  right  hand 
being  employed  in  the  cancellation.  While  it  was  possible  to 
increase  the  intensity  of  the  shocks  so  as  to  inhibit  work  alto- 
gether with  some  subjects,  when  the  intensity  was  kept 
moderate  the  same  results  with  respect  to  quantity  and 
quality  of  output  were  obtained  as  in  the  experiments 
with  the  children.  It  ought  to  be  said  that  in  both  cases 
steps  were  taken  to  eliminate  any  effect  due  to  practice  and 
warming-up.^ 

There  are  two  possible  explanations  of  such  results.  On 
the  one  hand,  a  voluntary  call  is  made  on  reserves  of  energy 
which  are  not  normally  called  upon.  The  motive  for  this 
call  is  something  which  might  be  described  as  "  pugnacity  ". 
It  seems  clear  that  this  additional  consumption  of  energy 
must  in  the  end  considerably  accelerate  the  onset  of  fatigue. 
On  the  other  hand,  the  stimulus  of  the  distraction  may 
heighten  the  energy  of  discharge  involuntarily  and  uncon- 
sciously, in  somewhat  the  same  way  as  a  flash  of  light  failing 
simultaneously  on  the  retina  intensifies  the  knee  jerk.  What 
the  ultimate  effect  of  this  is  likely  to  be  under  ordinary 
working  conditions  it  is  exceedingly  difiicult  to  say. 
Theoretically  the  additional  consumption  of  energy  ought  to 
involve  an  earlier  onset  of  fatigue  ;  practically  it  is  not  at  all 
certain  that  this  result  should  be  reckoned  on. 

It  is  highly  probable  that  there  are  great  individual  differ- 
ences in  manner  of  responding  to  distractions,  and  that  some 
people  are  very  much  more  sensitive  to  distractions  than 
others,  that  people  are  more  sensitive  at  some  times  than 
at  other  times,  that  different  people  are  sensitive  to  different 
kinds  of  distraction,  that  distractions  which  are  simply  stimu- 
lating to  one  person  at  one  time  may  be  a  real  discomfort  to 
^  Investigation  unfinished  and  results  not  yet  published. 
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another  or  to  the  same  person  at  another  time.  Where  work 
must  be  done  under  distracting  conditions,  the  right  type  of 
individual  ought  to  be  selected  on  the  basis  of  vocational  tests. 
It  may  be  taken  as  certain  that  when  there  is  a  conscious 
battle  against  distracting  influences,  the  consumption  of 
energy  is  considerably  in  excess  of  that  required  by  the  work 
itself,  and  so  far  distracting  influences  should  be  reduced  to 
a  minimum.  It  is  probable  also  that  sensitivity  to  distrac- 
tion varies  with  the  kind  of  work  on  which  we  are  engaged, 
and  with  the  extent  to  which  the  particular  distraction  can 
be  accommodated  to  by  the  organism.  A  continuous  and 
regular  loud  noise  is  not  necessarily  highly  distracting.  As 
Miinsterberg  points  out,^  "  strong  rhythmical  sounds  such  as 
heavy  hammer  blows,  which  dominate  the  continuous 
noises  "  are  much  more  serious  distracting  influences  than  the 
continuous  noises  themselves.  They  may  force  on  the  worker 
a  continuous  struggle  between  the  external  rhythm  and  the 
different  rhythm  of  his  work  with  a  highly  fatiguing  effect. 
Miinsterberg  also  records  a  case  where  the  removal  of  a 
woman  engaged  in  work  demanding  high  concentration  of 
attention  from  a  busy  and  noisy  part  of  a  printing  shop  to 
a  quiet  corner  brought  about  an  increase  of  25  per  cent  in  her 
output. 2  The  whole  problem  of  distraction  in  industrial 
work  is  a  very  complex  one,  and  demands  much  more  com- 
plete and  detailed  investigation  than  has  yet  been  given  to  it. 
Emotional  State. — In  a  very  valuable  chapter  on  "  Industrial 
Unrest"  in  his  book,  "Mind  and  Work",  Mj^ers  has  dis- 
cussed some  of  the  effects  on  industry  which  are  dependent 
on  the  emotional  state  of  the  worker.  The  scope  of  his  dis- 
cussion is  much  wider  than  the  topic  we  are  concerned  with  at 
present.  But  it  is  obvious  that  all  the  factors  to  which  he 
calls  attention,  as  factors  determining  social  and  industrial 
unrest,  must  affect  efficiency  of  work,  either  directly,  or 
indirectly  by  accelerating  fatigue.  Worry,  discontent,  irrita- 
tion, and   the  like,  should   obviously  as   far  as  possible  be 

^  "  Psychology   and    Industrial   Efficiency",    p.    211, 
2  Op.  cit.,  p.  210 
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eliminated  by  removal  of  the  causes.  We  have  already 
instanced  the  spirit  of  the  football  field  as  a  spirit  which,  so 
far  as  practicable,  is  worth  cultivating  in  the  workshop  or 
factory.  The  general  emotional  state,  however,  we  must 
pass  over  with  this  brief  mention.  Wliat  we  wish  more 
particularly  to  draw  attention  to  is  certain  specific  factors 
that  exercise  an  influence  on  efficiency  of  work,  as  it  were, 
through  the  emotional  state  which  they  determine. 

The  first  of  these  is  fear  of  accidents.  Dangerous  occupa- 
tions are  highly  fatiguing,  because  they  involve  this  powerful 
distracting  influence,  and  the  overstrain  which  it  engenders. 
There  may  be  a  certain  measure  of  accommodation  on  the 
part  of  some  individuals,  but  it  is  apparent  rather  than  real, 
and  usually  very  far  from  complete.  The  obvious  practical 
deduction,  from  the  point  of  view  of  efhciency,  is  that  the 
workman  should  be  guarded  in  every  possible  way  against 
dangers  which  are  inevitable,  and  dangers  which  are  not 
inevitable  should  be  removed.  To  put  the  matter  on  no  higher 
grounds,  such  action  would  be  economically  profitable. 

The  second  factor  is  the  emotional  effect  of  rhythm.  We 
might  have  discussed  rhythm  under  the  head  of  economy  of 
movement,  or  under  the  head  of  fatigue,  for  there  is  no  doubt 
that  it  is  a  method  by  which  energy  may  be  economized,  and 
the  onset  of  fatigue  postponed,  just  because  it  is  a  method 
by  which  the  strain  of  volitional  attention  and  decision  is 
lessened.  But  it  is  very  questionable  whether  this  is  the  main 
and  significant  effect.  Rhythm  always  has  what  may  be 
justly  described  as  an  emotional  value,  and  it  is  largely  because 
of  this  emotional  value  that  it  plays  the  part  in  activity  which 
it  has  been  shown  to  play.  Monotony,  which  is  a  matter  of 
the  mental  attitude  rather  than  of  the  nature  of  the  work, 
might  be  supposed  to  be  at  its  maximum  when  regular  rhyth- 
mical movement  is  maintained  over  a  long  period.  Practi- 
cally, however,  the  reverse  happens,  and  this  is  without  doubt 
due  to  the  fact  that  rhythmical  movement  has  a  simple,  primi- 
tive, but  none  the  less  real  and  important,  emotional  value. 

The  emotional  eftect  of  rhvthm  has  bccu  uiilized  in  work 


102       THE  PSYCHOLOGY   OF  INDUSTRY 

and  in  play  from  very  early  times,  and  is  to-day  utilized  both 
among  civilized  and  among  primitive  peoples.  Poetry  and 
music,  the  most  adequate  of  all  expressions  of  human  emotion, 
depend  largely  upon  the  same  ancient,  deep-seated,  and 
powerful  principle  of  human  nature.  But  this  emotional 
effect  no  psychologist  has  yet  satisfactorilj^  explained.  In 
the  meantime  the  industrial  psychologist  must  rest  content 
with  the  knowledge  that  such  a  principle  exists,  and  that 
work  can  be  facilitated  and  made  pleasant  by  due  regard 
to  the  phenomena  in  which  it  manifests  itself. 


CHAPTER   X 
ADVERTISING  AND  DISPLAY 

WE  must  now  pass  to  the  third  group  of  problems, 
the  problems  of  the  market,  the  problems  of  the 
relation  of  buyer  to  seller,  of  manufacturer  to  con- 
sumer. Much  psychological  work  has  been  done  in  this 
held  in  recent  years.  In  fact  the  literature  on  the  psychology 
of  advertismg  itself  is  very  extensive,  more  especially  in 
America,  where  research  and  teaching  in  the  psychology  of 
advertising  and  salesmanship  has  developed  on  a  scale  that 
threatens  serious  rivalry  with  the  psychology  of  education. 

Buying  and  selling  are  usually  regarded  only  from  the 
economic  standpoint,  and  we  explain  the  process  in  terms  of 
the  economic  laws  of  supply  and  demand.  But  if  we  look  a 
little  deeper,  it  is  easy  to  see  that  the  process  is  ultimately 
based  on  psychological  rather  than  economic  factors,  for  the 
demand  is  caused  by  felt  human  needs  and  wants,  and  the 
supply  is  of  commodities  for  the  satisfaction  of  such  needs  and 
wants.  Moreover,  the  needs  and  wants  must  be  understood 
psj^chologically,  if  they  are  to  be  understood  at  all.  Some  are 
original  needs,  needs  characteristic  of  human  nature  as  such, 
the  needs  for  food,  shelter,  clothing,  and  the  like.  Others 
are  acquired  needs,  and  often  vary  considerably  in  character 
and  in  intensity  with  different  classes  and  groups  of  human 
beings.  A  psychological  understanding  of  the  needs  may  be 
necessary,  or  at  least  highly  desirable,  for  the  manufacturer 
or  seller,  because  of  the  lact  that  some  of  the  needs  can  be 
modified  easil3^  some  resist  any  attempt  at  modification, 
some  tend  always  to  take  precedence  of  others,  some  tend 
to  seek  satisfaction  in  a  more  or  less  habitual  way,  and  so  on. 
There  are  bupng  habits,  and  "  consumers'  defences,"  and 

10  j 
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effective  methods  of  appeal,  all  of  which  seriously  concern 
the  business  man,  and  all  of  which  depend  wholly  on  psycho- 
logical factors. 

We  have  used  the  singular  "  process  "  rather  than  the  plural 
"  processes  ",  because  it  is  evident  that  we  are  concerned  with 
only  one  economic  process,  which  we  call  buying  or  selling 
according  as  we  look  at  it  from  the  one  side  or  the  other,  how- 
ever many  psychological  processes  may  be  involved.  Buying 
and  selling  are  strictly  correlative  terms,  in  precisely  the  same 
way  as  teaching  and  learning  are.  No  one  can  be  said  to  sell 
unless  some  one  bu5^s,  and  similarly  no  one  buys  unless  some  one 
sells.  The  process  must  therefore  be  regarded  as  in  the  nature  of 
a  reaction  between  two  individuals,  the  one  who  sells  and  the 
one  who  buys.  There  are  various  means  by  which  the  occur- 
rence of  this  reaction  is  promoted — means  on  the  side  of  the 
buyer,  it  may  be,  or  on  the  side  of  the  seller.  Advertising 
is  one  such  means  on  the  side  of  the  seller  or  the  buyer,  usually 
in  the  business  world  of  the  former.  It  represents  action  with 
the  object  of  bringing  on  the  reaction  of  buying  and  selling  ; 
and  as  this  reaction  is  in  the  last  analysis,  as  we  have  seen,  a 
psychological  reaction,  the  success  of  advertising  depends 
almost  wholly  on  psychological  factors.  The  same  is  true 
of  any  other  means  that  may  be  taken  to  promote  the  reaction. 
So  obvious,  however,  are  the  psychological  factors  in  the  case 
of  advertising,  and  so  important  are  these  factors  in  bujing 
and  selling  generally,  and  in  the  business  world  at  large,  that 
it  seems  desirable  to  begin  our  discussion  of  the  psychology 
of  the  market  with  a  consideration  of  advertising.  We  may 
then  consider  other  methods  of  bringing  on  the  reaction  under 
the  head  of  "  display,"  and  in  the  next  chapter — and  finally 
— the  art  of  salesmanship  itself. 

We  are  assuming  that  advertising  is  done  by  one  who  wshes 
to  become  a  seller,  and  that  its  object  is  to  induce  others  to 
become  buyers.  Now  prospective  buyers  fall  into  different 
:lasses,  according  to  their  psychological  condition  with  respect 
to  buying.  Four  such  classes  must  be  distinguished.  First 
of  all  there  is  the  individual  who  vvdshes  to  buy,  and  who  ha* 
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complete  and  definite  knowledge  of  the  exact  thing  he  wishes 
to  buy.  Secondly  there  is  the  individual  who  wishes  to  buy, 
but  only  knows  in  a  general  kind  of  way  the  sort  of  thing  that 
will  meet  his  want.  Thirdly  there  is  the  individual  who  has 
— if  we  may  put  it  that  way — money  which  he  wishes  to  spend, 
but  has  only  the  vaguest  idea  with  regard  even  to  the  kind  of 
thing  he  will  buy.  Lastly  there  is  the  individual  who  is 
merely  not  unwilling  to  buy,  not  resolved  not  to  buy.  These 
prospective  buyers  may  be  designated  A,  B,  C,  and  D  ;  the 
would-be  seller,  who  is  advertising,  we  can  call  X.  It  must 
of  course  be  assumed  that  A,  B,  C,  and  D  all  belong  to  the  wide 
or  narrow  circle  of  people  who  would  be  likely  to  buy  X's 
article  or  articles,  and  this  class  will  be  determined  by  various 
circumstances,  all  operating  psychologically,  according  to 
the  nature  of  the  article  in  question.  Obviously  the  problem 
which  faces  X  is  different  in  each  case.  Before  considering 
the  individual  cases,  however,  we  may  profitably  try  to  under- 
stand the  ways  in  which  advertising  itself  produces  its  effects, 
and  the  conditions  under  which  the  effects  are  produced. 

The  first  effect  which  an  advertisement  produces,  or  is 
intended  to  produce,  is  the  attracting  of  the  attention.  There 
are  two  general  ways  in  which  our  attention  may  be  attracted. 
The  one  way  depends  on  the  things  we  are  interested  in,  and 
consists  in  an  appeal  to  these  interests.  This  kind  of  appeal 
for  the  attention  is  always  of  very  great  importance,  and 
especially  so  in  a  case  like  that  of  B,  where  the  interests  are 
already  strongly  inclined  in  a  certain  direction  ;  so  important 
is  it  that  a  knowledge  of  general  human  psychology  is  prob- 
ably even  more  important  in  business  than  a  knowledge  of 
the  applied  psychology  of  salesmanship  and  advertising.  The 
second  way  is,  however,  more  characteristic  of  the  kind  of 
appeal  for  attention  that  is  usually  made  by  the  advertise- 
ment. It  depends  on  the  impression  made  on  the  senses. 
The  vividness  of  an  impression,  the  suddenness  or  unexpected- 
ness, its  novelty — all  tend  to  attract  the  attention.  But  one 
important  qualification  must  be  noted.  Very  few  people 
read  advertisements,  after  their  attention  has  been  attracted 
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in  this  way,  for  the  mere  pleasure  of  reading  them.  Unless 
there  is  some  strong  interest  present,  which  in  the  meantime 
we  are  assuming  to  be  absent,  more  than  the  mere  attraction 
of  attention  by  these  means  is  necessary.  The  attention 
must  be  attracted  in  the  direction  of  what  is  the  real  object 
of  the  advertisement  ;  otherwise  the  advertisement  may 
entirely  fail  to  produce  the  effect  it  is  intended  to  produce 
practically.  For  example,  striking  colours  or  contrast  effects 
may  be  used  in  such  a  way  as  to  attract  attention  to  them- 
selves, rather  than  to  the  article  advertised  ;  lettering  may 
be  used  in  "  hoarding  "  advertisements  which  is  so  large,  that, 
while  each  individual  letter  attracts  attention,  the  words 
themselves  are  never  read,  unless  by  the  more  or  less  accidental 
arousal  of  curiosity.  In  such  cases  the  real  aim  of  the 
advertisements  is  defeated. 

These  two  ways  of  attracting  attention  really  give  us  two 
different  types  of  advertisement.  Both  can  usually  be  found 
in  the  advertisement  columns  of  any  newspaper  or  periodical ; 
but  the  one  is  characteristically  the  advertisement  of  the 
newspaper,  the  other  of  the  railway  station  or  hoarding.  The 
one  assumes  a  certain  direction  of  interest  so  strong  as  to  lead 
an  individual  to  read  an  advertisement,  if  his  attention  is 
once  attracted  to  the  subject.  The  other  assumes  no  such 
interest,  and  appeals  for  attention  to  its  main  points  by  the 
vividness,  or  other  similar  quality,  of  the  impression  ;  it  may 
of  course  attempt  to  create  an  interest,  but  we  are  not  con- 
cerned with  that  point  just  now.  X  appeals  to,  and  can  reach, 
A  and  B  by  the  first  form  of  advertisement;  he  must  generally 
rely  on  the  second  form  to  reach  C  and  D. 

Newspapers  and  periodicals,  in  charging  for  advertisements, 
usually  base  the  charge  on  the  space  occupied.  Their  point 
of  view  is  easily  understood.  But  it  is  interesting  to  consider 
whether  the  value  to  the  advertiser  of  a  full-page  advertise- 
ment is  really  double  the  value  of  a  half-page  advertisement. 
Other  things  being  equal,  the  appeal  of  the  impression  in  each 
case  depends  on  the  size  of  the  stimulus.  But  in  what  pro- 
portion ?     In  the  meantime  we  are  considering  the  matter 
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simply  from  the  point  of  view  of  the  appeal  to  attention,  and 
assessing  the  value  accordingly.  Some  experiments  by  W.  D. 
Scott  in  America^  with  the  object  of  testing  this  very  point 
brought  out  rather  striking  results.  He  constructed  a  book 
of  a  hundred  pages  from  advertisements  cut  from  various 
magazines.  These  advertisements  referred  to  a  variety  of 
different  articles,  but  they  were  as  nearly  as  possible  equal 
in  their  appeal,  except  for  size.  The  advertisements  were 
full-page,  half-page,  quarter-page,  and  eighth-page.  Fifty 
individuals,  who  were  ignorant  of  the  aim  of  the  experiment, 
were  asked  to  glance  over  the  pages  of  the  book  in  the  same 
way  as  they  would  look  through  the  advertising  pages  of  a 
magazine.  They  were  instructed  to  take  about  ten  minutes 
for  the  process,  and  at  the  end  to  write  down  what  they  had 
seen  advertised. 

Expressing  the  number  of  times  the  quarter-page  advertise- 
ments were  mentioned  by  unity,  the  results  gave  a  value  of 
six  and  a  half  for  the  full-page,  less  than  three  for  the  half- 
page,  and  about  one-seventh  for  the  one-eighth-page.  That  is 
to  say,  the  full-page  advertiser,  though  he  pays  twice  as  much 
as  the  half-page  advertiser,  makes  the  better  bargain  since 
he  gets  more  than  twice  the  value,  and  a  still  better  bargain 
as  compared  with  any  of  the  others.  For  he  pays  four  times 
as  much  as  the  quarter-page  advertiser,  and  gets  more  than 
six  times  the  value,  and  though  he  pays  only  eight  times  as 
much  as  the  one-eighth-page  advertiser,  he  gets  more  than 
forty  times  the  value.  All  this,  of  course,  is  valid  only  on 
the  assumption  that  we  are  concerned  solely  with  the  chance 
of  attracting  notice  of  a  single  advertisement,  making  no 
appeal  except  one  dependent  on  size. 

The  attracting  of  the  attention  is  obviously  not  the  only 
result  which  an  advertisement  is  intended  to  produce.  The 
advertiser  aims  also  at  impressing  something  on  the  memory. 
It  is  clear  that  in  a  great  number  of  cases — cases  of  people 
like  C  and  D  more  especially — the  advertiser  must  act  on  the 
assumption  that  the  prospective  buyer  is  hardly  likely  to  go 
1  See  "  The  Psychology  of  Advertising  ",  p.   i66. 
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straight  away  and  purchase  the  article,  when  he  has  seen 
the  advertisement,  but  that  he  will  buy  at  some  subsequent 
time  if  he  buys  at  all.  Hence  the  need  of  impressing  the 
memory.  One  of  the  objects  of  attracting  the  attention, 
indeed,  is  in  order  to  impress  the  memory. 

The  conditions  already  mentioned  in  connexion  with 
attracting  the  attention  are  conditions  which  also  hold  with 
respect  to  impressing  the  memory.  Hence  the  results  of  the 
experimental  investigation  we  have  just  described  might 
also  be  cited  as  illustrating  the  effect  of  the  size  of  advertise- 
ments on  the  memory.  But  there  are  two  important 
additional  conditions,  which  must  be  mentioned  here,  and 
which  from  this  point  of  view  may  exercise  a  much  greater 
influence  than  mere  size.  In  the  first  place,  the  subject  of 
the  advertisement  must  lend  itself  to  easy  remembering. 
An  unfamiliar  foreign  word,  for  example,  which  has  no 
associations  in  the  mind,  when  used  for  the  name  of  an  article 
advertised,  might  attract  the  attention  at  the  time,  but 
would  have  comparatively  little  chance  of  being  remembered. 
Or,  again,  the  structure  and  form  of  the  advertisement  may 
be  such  that  the  characteristic  content — that  is,  the  name  of 
the  article  and  the  producer — is  forgotten,  though  the  adver- 
tisement may  be  remembered  as  a  vague  whole. 

In  the  second  place,  impression  upon  the  memory  depends 
lo  a  very  considerable  extent  upon  repetition.  A  very 
interesting  continuation  of  the  advertising  experiment  we  have 
described  was  made  at  Harvard,  with  the  object  of  comparing 
the  effect  of  repetition  with  the  effect  of  relative  size.  Adver- 
tisements of  full-page,  half-page,  quarter-page,  and  one-eighth- 
page  size  were  taken  as  before,  but  they  were  arranged  in 
such  a  way  as  to  give  equal  total  space  to  each  advertisement. 
That  is  to  say,  for  every  once  a  full-page  advertisement  was 
given,  a  half-page  v/as  given  twice,  ^.  quarter-page  four  times, 
and  a  one-eighth-page  eight  times.  Care  was  taken  that  the 
same  advertisement  should  never  be  repeated  on  the  same 
page.  The  results  of  this  experiment  showed  that  the  four- 
times-repeated  quarter-page  advertisement  had  fifty  per  cent 
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more  "  memory  value  "  as  compared  with  the  once  repeated 
full-page  advertisement.  But,  as  the  size  of  the  advertise- 
ment was  further  decreased,  the  "  memory  value  "  did  not 
rise  above  this  figure.  That  is  to  say,  there  was  a  definite 
limit  to  the  "  memory  value  "  that  could  be  obtained  by 
decreasing  the  size  and  proportionately  increasing  the  number 
of  repetitions,  and  the  maximum  value  was  obtained  for  a 
quarter-size  with  four  times  the  number  of  repetitions.  A 
modification  of  the  experiment  gave  still  more  striking  results. 
In  the  whole  experiment  the  subjects  were  asked  to  write 
down  the  names  and  articles  they  remembered.  Some 
came  readily,  some  only  after  considerable  effort  to  recall. 
The  modification  consisted  in  reckoning  only  the  first  ten 
on  each  subject's  list,  thus  taking  the  readiness  with  which 
an  advertisement  was  recalled  as  an  indication  of  the  likeli- 
hood of  its  being  recalled  without  special  effort,  and  as 
measuring  its  effective  "  memory  value  ".  On  calculating 
the  results  on  this  basis  for  the  thirty  subjects  concerned, 
the  investigators  found  that  the  "  memory  value  "  of  the 
four-times-repeated  quarter-page  advertisement  was  mere 
than  five  times  that  of  the  once-repeated  full-page  advertise- 
ment, but,  again,  this  represented  the  maximum  value. 
The  factors  upon  which  the  effectiveness  of  an  advertisement 
depends  are  therefore  somewhat  complex.  But,  if  we  can 
take  the  results  of  these  investigations  as  valid  and  reliable, 
and  if  the  impressing  of  the  memory  so  as  to  be  readily 
recalled  after^vards  is  the  chief  point  to  be  considered  in  an 
advertisement,  the  practical  deduction  may  be  drawn  that 
the  merchant  or  manufacturer,  who  inserts  one  full-page 
advertisement  in  a  paper  does  not  get  nearly  so  good  a  return 
for  his  expenditure  as  the  merchant  who  inserts  a  quarter- 
page  advertisement  four  times  in  different  issues  of  the  same 
paper — that  is,  on  the  assumption  that  charges  are  pro- 
portional to  space,  and  that  the  regular  circulation  of  the 
paper  is  of  greater  significance  than  the  chance  occasional 
circulation. 
These  investigations  have  been  cited  at  length  not  merely 
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for  the  results  obtained,  but  also  to  show  how  readily  the 
problems  of  advertising  lend  themselves  to  experimental 
treatment  under  laboratory  conditions.  It  would  be  quite 
as  easy  to  study  the  effect  of  other  characteristics  and  features, 
as  for  example,  the  kind  of  lettering,  the  ease  or  difficulty 
of  apprehension,  colour  schemes,  contrast  effects,  and  so  on. 
As  a  matter  of  fact  a  very  considerable  amount  of  this  kind 
of  work  has  been  done  in  America. 

A  third  effect  which  an  advertisement  produces  or  is 
intended  to  produce  is,  perhaps,  the  most  important  effect 
of  all.  That  is  the  stimulation  of  the  will  to  buy,  which 
we  might  apparently  regard  as  the  chief  end  of  the  advertise- 
ment. This  cannot,  however,  be  regarded  as  the  sole  end. 
It  must  not  be  forgotten  that  the  will  to  buy  depends  in  many 
cases  upon  factors  with  which  advertising  may  have  nothing 
whatever  to  do.  In  the  case  of  people  like  A  and  B  it  is  already 
developed,  and  all  the  advertiser  aims  at  is  to  give  it  special 
direction.  Only  in  the  case  of  people  like  D  is  it  entirely  un- 
developed. Hence,  in  considering  this  third  effect,  we  must 
keep  this  group  of  prospective  buyers  specially  in  mind. 

There  are  two  main  ways  in  which  an  advertisement  can 
stimulate  the  will  to  buy.  It  can  do  so,  on  the  one  hand, 
by  appeal  to  some  relatively  strong  tendency — either  charac- 
teristic of  human  nature  itself,  like  some  of  our  instinctive 
tendencies,  or  characteristic  of  a  special  class,  group,  or  type 
of  individual — such  as,  shall  we  say,  vanity,  superstition,  the 
desire  to  get  a  bargain  and  the  like.  It  can  stimulate  the  Mill 
to  buy,  on  the  other  hand,  through  the  operation  of  suggestion, 
which  may  either  reinforce  an  appeal  directed  to  an  existing 
tendency  of  the  kind  indicated,  or  may,  to  a  certain  extent, 
act  on  its  own  account  and  independently.  To  discuss  the 
first  way  might  be  interesting,  but  would  involve  us  in  a' 
somewhat  lengthy  consideration  of  a  rather  complex  mass  of 
details,  and  would  yield  us  little  in  the  way  of  general  prin- 
ciples. It  is  better,  therefore,  in  the  present  instance  to 
confine  our  attention  to  the  second. 

We  must  first  get  a  clear  idea  of  the  psychological  pheno- 
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mena  of  suggestion,  and  the  factors  upon  which  its  operation 
and  efficac}'  depend.  Without  going  into  needless  technicaH- 
ties,  we  may  define  suggestion  as  a  process  by  which  an 
individual's  beliefs,  ideas,  or  opinions,  may  be  directed, 
modified,  and  controlled,  independently  of  logical  or  rational 
grounds,  and  in  such  a  way  that  the  individual  will  act  on 
such  beliefs  and  opinions  with  at  least  as  much  certainty 
as  he  would  act  on  beliefs  and  opinions  for  which  he  had 
logical  grounds.  The  fact  is,  that  it  is  only  by  reflection 
that  we  can  distinguish  in  ourselves  between  beliefs  and 
opinions  to  which  we  have  come  as  a  result  of  suggestion, 
and  beliefs  and  opinions  for  which  we  have  rational  grounds. 
The  phenomena  of  suggestion  all  depend  on  the  fact  that  the 
suggested  idea  does  not  call  up  by  association  opposing 
ideas,  is  accepted  therefore  as  a  belief,  and  is  acted  upon. 
The  extent  to  which  opposing  ideas  can  be  kept  from  rising 
in  the  mind  is  always  a  measure  of  the  force  of  a  suggestion. 
The  whole  process  may  be  described  as  a  process  of  convejdng 
ideas  to  another,  and  at  the  same  time  preventing  opposing 
ideas  arising,  with  a  view  to  establishing  beliefs  and  influeiic- 
ing  action. 

The  phenomena  of  suggestion  are  best  exhibited  in  the 
condition  we  call  the  hypnotic  state,  which  may  be  regarded 
and  described  as  a  state  of  exaggerated  suggestibility,  brought 
about  by  particular  circumstances.  These  means  do  not 
concern  us  at  present.  The  phenomena  themselves  are  not 
confined  to  the  hypnotic  state,  but  are  widely  prevalent  in 
ordinary  everyday  life  under  normal  conditions.  Usually 
suggestion  is  an  element  in  personal  influence,  that  is,  in  the 
influence  one  person  exerts  on  another  because  of  certain 
personal  characteristics.  Again,  the  phenomena  of  personal 
suggestion  are  not  those  with  which  we  are  in  the  meantime 
concerned.  The  personal  element  even  is  by  no  means 
essential.  Suggestive  ideas  can  be  conveyed  in  other  ways 
than  through  personal  intercourse.  Suggestive  value  may 
be  said  to  attach  to  anything  which  gives  ideas,  as  it  were, 
the  run  of  consciousness,   which   prevents  the  rising  into 
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consciousness  of  opposing  ideas,  no  matter  whether  this  has  a 
personal  source  or  not. 

Further  suggestion  may  be  either  direct  or  indirect,  and 
both  kinds  may  be  employed  in  advertisements.  In  indirect 
suggestion,  the  suggestion  itself  is  as  far  as  possible  kept  in 
the  background.  The  aim  is  to  create  a  mental  background 
which  will  itself  give  rise  to  the  idea  or  belief  intended,  but 
in  such  a  way  that  the  individual,  who  is  the  object  of  the 
suggestion,  thinks  the  idea  or  belief  is  his  own,  and  remains 
quite  unconscious  of  the  suggestion  as  such.  This  is  the 
more  difficult  form  of  suggestion  to  employ,  but  when  skil- 
fully employed  is  likely  to  be  the  more  successful,  especially 
with  those  people — and  they  are  fairly  numerous — who  tend 
to  resent  any  attempt  to  influence  their  actions  by  suggestion, 
and  to  take  exactly  the  opposite  view  or  course  of  action  from 
that  suggested.  Direct  suggestion  explains  itself.  This  is 
the  conveying  of  the  idea  or  opinion  to  another  without  any 
attempt  at  disguise,  and  is  the  easier  and  the  more  usual 
method  of  operation. 

As  far  as  advertising,  as  distinguished  from  personal  in- 
fluence, is  concerned,  both  kinds  of  suggestion,  but  especially 
the  second,  depend  upon  two  sets  of  conditions — conditions 
affecting  the  source  or  origin  of  the  suggestion,  including  in 
this  case  the  manner  in  which  it  is  conveyed,  and  conditions 
affecting  the  individual  to  whom  the  suggestion  comes.  Any- 
thing which  gives  impressiveness  or  vividness  or  weight  to  the 
original  idea  will  tend  to  give  it  suggestive  value.  Thus  the 
conditions  upon  which  the  attracting  of  attention  depend  are 
also  conditions  which  favour  suggestion.  The  mere  repetition 
of  a  name  or  statement  tends  to  give  suggestive  value. 
Repetition  may  give  suggestive  value  in  two  different  ways. 
The  more  frequently  a  statement  is  made,  the  greater  is  our 
tendency  to  accept  and  believe  it.  On  this  principle  the 
German  news  agencies  persistently  acted  throughout  the 
recent  great  war.  On  the  other  hand,  an  article,  the  name 
or  maker's  name  of  which  is  familiar  to  us,  will  in  general  be 
preferred  to  a  similar  article  which  may  even  be  better  suited 
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to  our  purpose,  but  the  name  of  which  is  unfamiliar.  To 
include  this  case  is  possibly  to  use  suggestion  in  a  rather  wide 
sense.  The  mere  recognition  of  a  familiar  name  seems  to  be 
pleasant.  We  feel,  as  it  were,  in  the  presence  of  an  old  friend. 
Whether  this  has  suggestive  value  or  not  in  the  strict  sense, 
it  undoubtedly  operates  in  pretty  much  the  same  way. 

Further,  the  form  in  which  a  statement  is  made  has  a 
suggestive  value  of  its  own.  The  simple  imperative,  "  Use 
Brook's  Soap,"  may  possibly  lose  some  of  its  virtue  in  the 
long  run  if  it  is  too  frequently  employed.  But  there  is  a 
great  variety  of  similar  statements  available,  by  all  of  which 
a  suggestion  may  be  conveyed  and  by  some  with  more  efficacy 
than  the  simple  imperative  can  claim.  "  Are  you  using 
Brook's  Soap  ?  "  "  Are  you  not  using  Brook's  Soap  ?  " 
"  Brook's  Soap  is  the  best  ",  "  Is  not  Brook's  Soap  the  best  ? '" 
and  similar  variants,  might  be  cited  in  illustration.  Even 
the  individual  who  resents  direct  suggestion  and  takes  the 
opposite  course  might  be  ensnared  by  a  skilful  use  of 
negatives. 

The  conditions  favourable  to  suggestion,  which  affect  the 
individual  to  whom  the  suggestion  comes,  are  also  numerous. 
In  the  first  place  there  are  individual  differences  in  liability 
I  to  be  influenced  by  suggestion  in  general.  In  the  second 
place  there  are  individual  characteristics,  tendencies,  desires, 
to  which  appeal  may  be  made  by  certain  forms  of  advertise- 
ment or  certain  advertised  articles ;  and,  since  we  frequently 
believe  what  we  wish  to  believe,  such  appeal  will  aid  the 
suggestion  conveyed.  In  the  third  place  there  are  attitudes 
of  mind,  states  of  health,  and  so  on,  which  will  afford  a 
suitable  background  for  the  development  of  certain 
suggestions. 

All  the  three  effects  of  advertisements  which  we  have  noted 
must  be  considered  by  X,  the  would-be  seller.  He  will  lay 
stress  on  those  characteristics  which  produce  mainly  the 
effect  suitable  to  the  case  of  the  buyer  or  buyers  upon 
whom  he  rehes.  Thus  if  he  desires  to  appeal  to  buyers 
of  the  type  of  A,  all  that  he  requires  to  do  is  to  advertise 
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the  fact  that  he  sells  a  certain  article  of  a  certain  quality. 
Hence  he  will  concentrate  attention  on  the  first  effect.  For 
the  appeal  to  buyers  of  the  type  of  B,  the  main  emphasis 
must  also  be  on  the  first  effect,  but  there  is  also  some  need 
for  the  third  effect.  For  the  appeal  to  buyers  of  the  type 
of  C,  emphasis  must  be  laid  mainly  on  the  third  effect, 
while  for  buyers  of  the  type  of  D,  the  third  is  again  of  chief 
importance,  but  the  second  is  also  important. 

Before  leaving  the  subject  of  advertising,  there  is  one  other 
point  which  is  worthy  of  receiving  some  attention  on  our 
part.  To  some  extent  it  has  been  already  more  or  less  tacitly 
assumed.  There  seems  to  be  a  practically  universal  demand 
on  the  part  of  the  bujdng  public  for  some  concrete  symbol  or 
specific  name  by  which  to  mark  and  recognize  the  objects 
which  express  or  satisfy  needs  and  desires.  The  demand 
appears  to  arise  from  a  general  tendency  of  human  nature. 
At  all  events  there  is  no  doubting  its  reality.  The  manu- 
facturer or  merchant,  though  he  has  probably  never  reflected 
on  the  psychological  meaning  and  significance  of  the  demand, 
is  quite  awake  to  the  concrete  reality  in  practice.  Accordingly 
he  has  his  "  trade  mark  ",  and  in  most  cases  he  goes  beyond 
this,  and  "  christens  "  the  article  he  puts  on  the  market  by 
some  specific  name.  The  choice  of  a  suitable  name  is  itself 
an  important  problem,  on  which  the  psychology  of  advertising 
may  have  something  helpful  to  contribute,  and  the  methods 
of  the  psychological  laboratory  may  readily  be  pressed  into 
service.  Most  of  what  we  have  said  about  advertising  in 
general  will  in  fact  be  found  to  apply.  In  other  words  this 
is  simply  a  special  aspect  of  advertising. 

There  is  an  aspect,  however,  of  the  "  trade  mark  "  or 
"trade  name",  which  has  been  the  subject  of  experimental 
investigation  in  the  psychological  laboratory,  to  which  we 
have  not  yet  referred.  Cases  of  alleged  infringement  of  the 
rights  in  a  registered  "  trade  mark  "  or  name  are  not  infre- 
quent in  our  law-courts.  It  is  exceedingly  difficult  to  deter- 
mine the  principles  upon  which  decision  in  such  a  matter  can 
or  ouglu  to  be  based,  and  this  difficulty  is  reflected  in  the 
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apparent  want  of  consistency  shown  by  decisions  actually 
given.  Thus  in  cases  in  America  "  Non-X-EU  "  was  decided 
to  be  an  infringement  of  "  Nox-all  ",  "  Autola  "  of  "  Au-to- 
do  ",  "  Green  Ribbon  "  of  "  Green  River  ",  whereas  "  Kalo- 
dont  "  was  decided  not  to  be  an  infringement  of  "  Sozodont  ", 
"  Veribest  "  not  to  be  an  infringement  of  "  Bestyette ", 
"  Pinozyme  "  not  to  be  an  infringement  of  "  Peptenzj^me  ". 
Paynter  arranged  an  experiment  in  which  he  asked  the 
subjects  to  say  whether  each  of  a  series  of  "  trade  names  " 
presented  one  at  a  time  was  identical  or  not  with  a  name  seen 
on  a  previous  occasion.  In  some  cases  the  names  were  iden- 
tical, in  others  imitated  more  or  less  closely.  The  degree  of 
confusion  between  two  more  or  less  similar  names  was  mea- 
sured by  the  number  of  times  they  were  taken  for  one  another 
under  these  conditions.  In  several  cases  pairs  of  names  were 
included,  when  a  legal  decision  on  the  question  of  infringe- 
ment was  extant,  as  with  those  given  above.  The  results 
are  interesting  from  the  point  of  view  of  a  comparison  between 
the  legal  decision,  and  the  amount  of  confusion  as  determined 
in  this  way.  In  the  "  Nox-all  "  case  the  percentage  of 
confusion  was  28,  in  the  "  Sozodont  "  case  it  was  exactly 
the  same  ;  in  the  "  Autola  "  case  it  was  40,  and  in  "  Pepten- 
zyme  "  it  was  43.  That  is,  in  two  cases  where  the  risk  of 
confusion  appears,  on  the  results  of  the  experiment,  to  be 
exactly  equal,  opposite  decisions  were  given  ;  and  in  the  other 
two  cases,  that  where  the  risk  of  confusion  was  shown  to  be 
the  less  was  decided  to  be  an  infringement,  and  that  where 
the  risk  was  the  greater  to  be  not  an  infringement.  The  moral 
would  appear  to  be  that  in  these  commercially  important 
legal  cases,  the  decisions  given  are  largely  arbitrary,  and 
possibly  determined  by  chance  circumstances,  when  a  reliable 
psychological  test  could  without  diflficulty  be  applied.^ 

Advertising  is  not  the  only  method  which  our  would-be 
seller  X  can  employ,  and  does  employ,  in  order  to  secure 
buyers  for  the  articles  he  wishes  to  sell.     We  have  yet  to 

^  Quoted  from  Hollingworth  and  Poffenberger,  "  Applied  Psvcho- 
logy''',  p.  237. 
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consider  from  the  psychological  point  of  view  another  method 
of  bringing  about  the  reaction  we  call  bu;y'ing  and  selling, 
the  method  typified  by  the  shop-window  display,  and  also 
exemplified  in  the  illustrated  catalogue,  the  sample  packet, 
and  so  on.  In  order  to  prevent  confusion  we  may  confine 
our  attention  to  the  window  display,  but  the  principles  apply 
to  all  varieties  of  this  type  or  group  of  methods. 

The  effects  which  the  window  display  is  intended  to  produce 
are  effects  with  which  we  are  already  familiar,  but  in  this 
case  the  appeal  to  the  memory  is  of  relatively  minor  signifi- 
cance. The  two  main  effects  to  be  produced  are  the  attracting 
of  the  attention,  and  the  stimulation  of  the  will  to  buy.  The 
general  characteristics  or  features  in  a  window  displa3^  which 
will  secure  these  two  effects,  are  not  very  different  from  those 
already  discussed  or  mentioned  as  the  features  of  advertise- 
ments. Lighting,  colour,  and  arrangement  are  the  main 
points  to  be  considered  in  connexion  with  the  attempt  to 
attract  attention  to  the  window  display  as  a  whole.  Arrange- 
ment is  the  chief  consideration  as  regards  attracting  attention 
to  individual  articles,  and  with  reference  to  the  stimulation 
of  the  will  to  buy. 

Moreover,  a  window  display,  in  order  to  attract  attention 
and  stimulate  the  will  to  buy,  must  possess  the  characteristic 
we  might  describe  by  the  term  "  interesting ".  What  is 
interesting  to  one  individual,  or  group  or  class  of  individuals, 
may  not  be  in  the  least  degree  interesting,  may  even  be 
repulsive,  to  another  individual,  group,  or  class.  Hence  we 
find  that  a  window  display  is  generally  characteristic  of  the 
public  for  whom  a  particular  merchant  caters.  Nevertheless 
the  quahty  "  interestingness  "  must  always  depend  mainly 
on  the  articles  displayed  and  their  arrangement.  It  is  very 
important  to  remember  that,  to  make  a  shop  window 
"  interesting",  it  is  not  necessary  to  make  it  artistically  or 
aesthetically  beautiful.  We  cannot  determine  the  practical 
\-alue  of  a  window  display  by  sesthetic  standards.  In  fact 
a  psychologist  would  say  that  the  more  nearly  perfect  a 
display  is  from  the  purely  aesthetic  point  of  view,  the  less 
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likely  it  is  to  stimulate  buying,  however  much  it  may  attract 
attention.  This  may  be  contrary  to  general  opinion,  and 
even  to  some  of  the  statements  of  trade  books  on  the  subject. 
But  it  certainly  seems  to  the  psychologist  to  be  a  true  state- 
ment nevertheless. 

The  point  is  worth  emphasizing.  The  more  perfect  a  display 
is  from  the  aesthetic  point  of  view,  the  more  are  we  likely  to 
be  satisfied  with  simply  looking  at  it,  and  the  less  likely  are 
we  to  have  practical  designs  with  respect  to  any  of  the 
exhibited  articles.  Of  course  there  may  be  exceptions,  but 
this  would  seem  to  be  the  general  rule.  On  the  other  hand 
the  ugly  and  repulsive  will  undoubtedly  repel  us,  and  the 
feeling  of  displeasure  may  attach  to  the  objects.  Hence 
the  window  display,  in  order  to  avoid  this  danger,  must  at 
least  be  tasteful  and  pleasant.  Moreover,  attention  should 
be  directed  and  focussed  on  the  goods  exhibited,  and  these 
should  be  made  to  appear  individually  as  attractive  as 
possible.  This  mere  fact  involves  the  denial  of  the  possi- 
bility of  making  the  display  an  aesthetically  perfect  whole — 
in  other  words  a  work  of  art,  in  the  strict  meaning  of  art. 
The  practical  art  of  window-dressing  consists  first  of  all  in 
securing  that  the  attention  and  interest  of  the  passer-by 
should  be  attracted  by  a  striking,  pleasant,  and  tasteful,  but 
not  necessarily  artistically  beautiful,  display,  and  then,  in 
the  second  place  in  evoking  in  the  passer-by  the  desire  to 
become  the  possessor  of  some  one  of  the  articles  displayed 
by  the  suggestiveness  of  the  arrangement,  and  the  way  in 
which  the  attractiveness  of  the  article  in  question  is  enhanced. 

The  same  principles  hold  of  the  packings,  covers,  wrappings, 
and  labels,  with  which  goods  are  sent  into  the  market. 
Miinsterbergi  cites  a  curious  case  which  seems  to  prove  that 
artistic  beauty  of  label  has  httle  to  do  with  the  sale  of  an 
article.  A  firm  of  confectioners  sold  a  certain  kind  of  choco- 
late in  twelve  different  packets,  and  under  twelve  different 
labels.  In  all  cases  the  labels  were  decorated  with  the  same 
kind  of  pictures — pictures  of  women  with  scenic  backgrounds. 
*  Op.  cit.,  p.  279. 
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Artistically  the  labels  were  all  on  practically  the  same  footing 
and  level.  Yet  one  of  the  labels  was  highly  successful  over 
the  whole  country,  a  second  had  made  precisely  the  same 
article  almost  unsaleable,  while  the  other  ten  could  be  graded 
between  these  two  extremes  according  to  their  sale  value. 
Here  surely  is  a  fruitful  field  for  psychological  work.  Some 
has  been  done,  but  there  is  much  still  to  do. 

In  certain  cases  the  suggestive  value  of  a  window  display 
may  be  considerably  heightened  by  the  mere  appearance  of 
quantity  or  abundance  which  it  represents.  The  practical 
problem  in  this  connexion  will  be  very  different  for  different 
tradesmen.  In  some  cases  it  will  not  matter  though  the 
individual  articles  should  be  lost  in  the  mass,  as  in  the  case 
of  the  fruit  merchant  displaying  apples  or  oranges ;  and 
possibly  these  are  the  cases  where  the  phenomenon  is  of 
greatest  practical  significance.  On  the  other  hand,  there 
are  cases,  such  as  that  of  the  jeweller,  where  the  impression 
of  abundance  must  be  given,  but  at  the  same  time  the  indivi- 
dual articles  must  not  be  allowed  to  lose  themselves  in  the 
mass,  but  must  attract  attention  individually.  A  theoretical 
psychology  cannot  of  course  solve  the  problem  of  either  the 
fruiterer  or  the  jeweller,  but  the  problem  is  nevertheless 
largely  a  psychological  problem,  that  ought  in  practice  to 
be  approached  from  the  psychological  point  of  view. 
That  the  psychologist  could  devise  experiments,  the  results 
of  which  would  go  far  in  the  direction  of  furnishing  the 
required  solution  in  any  particular  case,  is  certain. 

But  what  of  our  four  prospective  buyers  and  this  new  kind 
of  attempt  on  the  part  of  X  to  induce  them  to  buy  his 
articles  ?  The  situation  is  very  much  the  same  as  in  the 
case  of  advertisements.  For  individuals  of  the  A  type  the 
attracting  of  attention  is  the  main  thing  ;  for  those  of  the 
D  type  the  suggestive  effect  is  the  prime  consideration.  For 
the  others  both  effects  are  important,  but  with  shghtly 
different  emphasis.  The  emphasis  is  on  the  first  effect  with 
individuals  like  B,  on  the  second  effect  with  individuals  of 
the  type  of  C. 


CHAPTER  XI 
THE  ART  OF  THE  SALESMAN 

IN  the  last  chapter  we  considered  the  various  ways  in 
which  a  would-be  seller  X  might  seek  to  influence 
different  types  of  prospective  buyers,  by  means  of 
advertising,  display,  and  the  like,  with  a  view  to  bringing 
about  the  buying-selling  reaction.  Four  types  of  buyers 
were  distinguished — the  buyer  A  with  the  will  to  buy  and 
with  complete  and  definite  knowledge  of  what  he  wants, 
the  buyer  B  also  with  the  will  to  buy,  but  only  a  general  idea 
of  t^e  kind  of  thing  he  wants,  the  buyer  C  with  money  which 
he  desires  to  spend  but  only  the  vaguest  notion  even  of  the 
kind  of  thing  on  which  he  ought  to  spend  it,  and  the  buyer 
D  who  is  merely  not  unwilling  to  buy.  We  have  still  to 
consider  the  art  of  the  salesman  itself.  It  is  clear  that  the 
art  of  the  salesman  need  only  concern  itself  with  prospective 
buyers  of  the  types  B  and  C.  The  buyer  of  the  type  A  is 
already  so  far  advanced  towards  buying  that  there  is  little 
room  for  the  salesman's  art,  while  the  buyer  of  the  type  D, 
so  long  as  he  remains  at  the  standpoint  of  D,  will  seldom 
give  the  salesman  any  opportunity  of  displaying  his  skill. 

The  psychological  conditions  which  favour  the  art  of  the 
salesman  are  once  more.- the  conditions  we  have  already 
considered  in  last  chapter  with  reference  to  advertising  and 
display,  and  the  two  main  effects  which  the  art  produces  are, 
as  before,  the  attraction  of  the  attention  of  the  prospective 
buyer  and  the  stimulation  of  the  will  to  buy.  It  is  evident 
that  the  salesman,  if  he  has  an  active  function  to  perform 
at  all,  must  on  the  one  hand  direct  his  activity  towards 
attracting  the  attention  of  the  prospective  buyer  to  an 
article  or  to  certain  articles,  and  then,  through  suggestion 
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or  otherwise,  as  opportunity  offers,  towards  guiding  the 
thinking  and  resolving  of  the  buyer  in  such  a  way  as  to 
stimulate  the  will  to  buy.  If  a  salesman  does  not  do  these 
things,  then  an  automatic  delivery  machine  would  do  his 
work  much  better  and  more  economically,  and  would  also 
obviate  the  danger  of  distracting  the  attention  of  a  buyer 
away  from  an  article  at  the  very  moment  when  he  is  about 
to  buy  it. 

There  are  two  characteristic  and  essential  features  in  the 
psychological  situation  when  the  art  of  the  salesman  comes 
upon  the  scene.  In  the  first  place  there  is  an  introduction 
of  the  personal  element.  This  opens  up  the  possibility  of 
bringing  personal  influence  to  bear,  and  this  in  turn  opens 
a  new  avenue  for  the  operation  of  suggestion,  and  affords  an 
additional  opportunity  of  influencing  the  buyer  by  way  of 
the  process  psychologists  call  sympathy. 

As  far  as  suggestion  is  concerned  there  is  not  a  great  deal 
to  be  added  to  what  has  already  been  said.  In  this  case, 
however,  the  source  of  the  suggestion  is  a  person.  Personal 
prestige  will  now  give  added  weight  to  suggested  opinions 
or  actions,  and  will  in  proportion  enhance  their  suggestive 
value.  Personal  prestige  may  be  due  to  all  sorts  of  things. 
The  general  principle  is  that  any  superiority  in  another, 
provided  it  does  not  arouse  antagonism  or  resentment,  tends 
to  put  us  in  a  receptive  attitude  towards  him.  Hence  such 
prestige  may  be  given  by  good  appearance,  fine  dress, 
confident  manner,  superior  knowledge,  reputation,  even 
superior  size,  and  a  number  of  other  things,  all  of  which 
might  with  advantage  be  considered  by  a  merchant  inter- 
viewing applicants  for  the  position  of  salesman  or  sales- 
woman. 

Sympathy  we  have  not  hitherto  had  occasion  to  mention, 
but  it  also  is  an  important  factor  in  personal  influence.  The 
psychologist  does  not  use  the  word  "  sympathy  "  in  the 
ordinary  popular  sense,  in  which  it  is  almost  equivalent  to 
"pity",  but  in  a  sense  more  like  the  original  meaning  of 
"feeling  with".     When  we  see  the  signs  of  any  feehng  or 
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emotion  in  other  people,  we  have  a  tendency — which  is 
practically  universal — to  experience  the  feelings  and  emotions 
ourselves  of  which  we  see  the  expressive  signs,  even  though 
we  should  be  entirely  ignorant  of  the  object  which  has  evoked 
them  in  the  other  people.  Thus,  if  an  acquaintance,  uith 
whom  we  are  conversing  in  the  street,  starts  suddenly,  or 
shows  other  symptoms  of  fear,  we  also  experience  a  thrill  of 
fear,  even  before  we  have  looked  round  to  see  the  cause. 
When  we  see  a  man  stop  when  crossing  a  bridge  or  viaduct, 
and  gaze  down  into  a  river  or  a  road  underneath,  we  always 
feel  inclined  to  follow  his  example,  and  often  we  actiially  do 
so.  This  infectiousness  of  feeling  or  emotion,  this  tendency 
to  communicate  itself  directly,  the  psychologist  has  long 
recognized,  and  he  uses  the  word  "  sympathy  "  to  designate 
the  tendency  in  the  person  who  receives  the  feeling  or  emotion. 
It  is  evident  that  the  actor  and  the  orator  rely  very  largely 
on  this  sjTTipathy  for  their  effects.  The  same  is  true,  though 
in  perhaps  a  minor  degree,  of  the  salesman.  There  are  many 
cases  where  the  interest  and  desire  of  a  customer  are  aroused 
by  a  skilful  display  of  the  necessary  enthusiasm  on  the  part 
of  the  salesman,  and  a  sale  is  in  consequence  effected  which 
could  not  have  been  effected  had  there  been  a  cold  or  lacka- 
daisical attitude  on  his  part.  It  must  be  remembered  that 
it  is  not  the  words  he  employs,  but  the  feeling  attitudes  he 
expresses  in  the  way  he  speaks  them,  or  in  other  ways,  that 
can  operate  in  this  particular  manner. 

The  second  new  and  characteristic  feature  in  the  psycho- 
logical situation  is  that  the  prospective  buyer  must  be 
considered  and  treated  as  an  individual,  and  the  methods 
of  the  salesman  adapted  to  the  circumstances  of  the  particular 
case.  A  very  great  part  of  the  ability  of  a  salesman  will 
depend  on  the  extent  to  which  he  can — it  may  be  uncon- 
sciously— take  advantage  of  this  peculiarity  of  the  situation. 
Take  the  case  of  a  prospective  buyer  of  the  C  type  entering 
a  shop.  He  has  only  a  general  intention  to  buy,  but  no 
definite  intention  to  buy  a  particular  thing,  or  even  a  parti- 
cular kind  of  thing.     The  issue  is  very  open  and  the  case 
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apparently  one  in  which  almost  any  suggestion  might  deter- 
mine the  process  of  buying.  On  the  other  hand  a  chance 
suggestion  might  come  up  against  a  strong  prejudice  which 
C  has,  and  be  therefore  in  its  effect  worse  than  no  suggestion 
at  all ;  C  might  even  have  a  strong  prejudice  against  being 
influenced  by  suggestion  at  all,  might  resent  very  strongly 
any  attempt  to  influence  him  by  suggestion  which  he  detected. 
Obviously  under  these  circumstances  a  chance  suggestion 
might  have  the  effect  of  making  C  resist  all  subsequent 
attempts  on  the  part  of  the  salesman  to  induce  him  to  buy 
anything. 

From  this  point  of  view  the  first  business  of  the  salesman 
would  appear  to  be  to  take  his  cue  from  the  prospective 
buyer,  to  discover,  if  possible,  in  what  direction  his  main 
interests  lie,  what,  if  any,  characteristics  or  tendencies  in 
him  may  be  appealed  to,  how  he  reacts  to  suggestion,  direct 
and  indirect,  and  so  on.  The  time  spent  in  getting  this 
knowledge — and  with  a  skilful  salesman  and  an  ordinary 
customer  it  is  usually  very  short — is  really  time  gained.  For 
with  such  knowledge  the  salesman  can  almost  infallibly 
direct  a  prospective  buyer's  attention  in  such  a  way  that  he 
becomes  a  real  buyer,  that  is  change  type  C  first  into  B, 
then  into  A,  and  finally  evoke  the  necessary  reaction. 

In  this  connexion  it  is  perhaps  worth  while  referring  once 
more  to  the  problem  of  vocational  selection  for  salesmanship. 
It  is  clear  that  much  of  the  success  of  the  salesman  must 
depend  on  certain  particular  qualities  and  traits,  which  are 
essentially  natural  rather  than  acquired.  It  is  also  clear  that 
the  devising  of  adequate  tests  for  these  qualities  and  traits 
would  be  a  very  valuable  and  economic  service  on  the  part 
of  the  psychologist.  The  work  is  being  assiduously  pursued 
at  the  present  time  in  several  laboratories.  We  have  already  > 
instanced  the  devising  of  a  test  of  ability  to  remember  and 
recognize  faces.  Such  an  ability  would  be  very  valuable 
from  precisel}^  that  point  of  view  which  we  have  just  con- 
sidered. In  the  same  way  tests  of  other  and  equally  valuable 
traits  and  abilities  might  be  devised. 
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There  are  a  few  other  points  deserving  of  notice,  some  of 
which  we  often  find  neglected  in  our  ordinary  shopping 
experience.  Nothing  wastes  more  time  in  a  shop  than  the 
dissipating  of  the  attention  of  a  prospective  buyer  when  it 
has  once  been  gained  by  a  particular  article,  and  when  the 
bujdng  is  on  the  point  of  taking  place.  This  is  very  frequently 
done  by  exhibiting  and  bringing  to  the  notice  of  the  customer 
a  number  of  other  articles,  and  so  causing  the  whole  effect 
of  the  work  up  to  that  time  to  be  lost.  Some  salesmen 
indeed  exhibit  articles  in  such  a  way  as  to  prevent  the  atten- 
tion ever  becoming  fixed.  This  is  probably  done  of  set 
purpose,  in  some  instances,  as  a  method  of  practically  forcing 
inferior  goods  on  an  unwary  buyer.  Even  where  it  is  not 
done  of  set  purpose  it  may  have  the  result  of  sending  a  buyer 
away  with  something  that  does  not  meet  his  needs  nearly  so 
well  as  something  else  he  had  been  previously  shown.  In 
either  case  the  policy  is  obviously  shortsighted.  For  the 
best  and  surest  effect  from  the  salesman's  point  of  view,  and 
for  the  most  satisfactory  outcome  from  the  buyer's,  the 
exhibition  of  articles  should  be  carefully  designed  and  calcu- 
lated, not  merely  indiscriminate.  Further,  the  gestures  of 
the  salesman  may  have  the  effect  of  distracting  attention 
from  goods,  as  well  as  calling  attention  to  them,  and  the 
tone  in  which  he  speaks  of  any  article  may  exercise  as  much 
influence  as  the  words  spoken. 

In  the  work  of  the  salesman  there  is  practically  nothing 
so  unimportant  as  to  be  entirely  negligible.  This  principle 
always  holds  where  personal  influence  is  a  determining  factor. 
In  a  large  American  establishment  employing  some  hundreds 
of  saleswomen  it  was  thought  that  the  expense  for  the  delivery 
of  articles  sold  formed  far  too  large  an  item  in  the  expenditure. 
The  saleswomen  had  been  in  the  habit  of  asking  every  pur- 
chaser, even  when  the  articles  were  small,  the  question  : 
"  May  we  send  it  for  you  ?  "  They  were  instructed  to  sub- 
stitute for  this  in  the  case  of  small  articles  the  question  : 
"  Will  you  take  it  with  you  ?  "  This  appaientl}'  insignificant 
change,   a  change  in  suggestion,   which  probably  not  one 
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person  in  a  thousand  ever  noticed,  made  a  very  considerable 
difference  in  the  expenditure  of  the  business  in  the  course 
of  the  year. 

It  may  sound  absurd  in  the  ears  of  a  Britisher  to  say  that 
salesmen  should  be  trained  systematically,  and  that  psycho- 
logy should  form  an  important  part  of  the  training,  both 
general  psychology  and  the  special  psychology  of  salesmanship. 
But  the  Americans  do  not  find  it  absurd.  Before  many  years 
have  elapsed  there  will  be  as  little  absurdity  in  the  suggestion 
on  this  as  on  the  other  side  of  the  Atlantic. 

Although  in  this  and  the  previous  chapter  we  have  been 
considering  the  process  of  bu3dng  and  sehing  from  the  point 
of  view  of  the  interest  and  effort  of  the  seller,  the  discussion 
has  also  had  its  lessons  for  the  buyer.  In  concluding  this 
chapter  we  might  profitably  gather  those  lessons  together, 
and  point  the  moral.  In  order  to  buy  satisfactorily,  the 
buyer  must  buy  what  he  needs  and  wants,  and  he  must  buy 
at  a  price  which  is  not  excessive,  reckoning  in  the  price  not 
merely  the  money  paid  but  the  time  and  trouble  expended 
as  weU.  It  ought  to  be  noted  that  as  a  rule  it  is  the  interest 
of  the  regular  seller  to  suit  both  the  buyer's  needs  and  his 
purse.  It  is  only  the  incidental  seller,  or  the  shopkeeper 
who  depends  mainly  on  a  passing  trade,  that  can  afford  to 
neglect  the  interest  of  the  buj^er.  In  such  cases,  therefore, 
the  danger  of  bujdng  the  wrong  thing  and  the  danger  of 
buying  at  an  excessive  price  are  at  their  maximum.  But 
in  every  case  the  danger  is  present  to  some  extent,  for  after 
all  the  seller  must  be  presumed  to  seek  primarily  his  own 
interest.  The  extent  of  the  danger  will  depend  very  con- 
siderably on  the  individuahty  of  the  buyer.  If  the  buj-er 
is  highly  suggestible,  if  he  has  certain  strong  tendencies  to 
which  an  appeal  can  easily  be  made — bargain-hunting  for ' 
example — the  first  essential  in  his  own  interest  is  that  he 
should  be  conscious  of  these  weaknesses,  and  therefore  on 
his  guard  against  the  results  to  which  they  may  lead.  The 
extent  of  the  danger  depends  also  on  the  particular  deter- 
mination of  the  will  in  the  case  of  the  buyer.     A  buyer  of 
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type  A  is  in  a  relatively  safe  position.  He  has  a  definite 
want,  and  knows  definitely  what  will  satisfy  that  want. 
With  buyers  of  the  other  three  tj^pes,  B,  C,  and  D,  the  danger 
becomes  progressively  greater  as  their  knowledge  of  what 
will  suit  them  becomes  less  and  less  definite,  and  their 
intentions  also  of  course  less  clearly  defined,  since  both  these 
conditions  favour  the  process  of  suggestion  as  we  have  seen. 

Lack  of  knowledge  with  regard  to  any  subject  also  renders 
an  individual  suggestible  with  respect  to  that  subject,  when  in 
the  presence  of  some  one  who  seems  to  know  all  about  it. 
That  is  a  general  psychological  principle.  Hence  definite 
knowledge  of  the  article  we  buy  is  another  important  safe- 
guard against  the  unscrupulous  seller.  It  is  all  mainly  a 
matter  of  knowledge,  together  with  some  training  and  practice 
in  the  use  of  our  knowledge.  Knowledge  of  our  own  weak- 
nesses, knowledge  of  what  we  really  want,  knowledge  of  the 
article  in  question,  and  some  knowledge  of  the  psychological 
processes  involved  in  buying,  selling,  advertising,  and  display, 
even  though  it  be  merely  empirical  knowledge  in  every  case, 
are  the  chief  safeguards  against  buying  what  we  do  not 
want  or  require,  buying  a  worthless  article,  and  buying  at 
too  high  a  price — these  together  with  some  slight  knowledge 
of  the  seller. 

There  may  some  day  be  an  applied  psychology  of  the  con- 
sumer from  the  consumer's  point  of  view.  In  the  meantime 
he  must  be  content  with  the  existing  applied  psychology  of 
salesmanship  from  the  seller's  point  of  view.  As  we  pointed 
out  at  the  start,  buying  and  selling  are  the  names  we  give  to 
two  aspects  of  the  one  process,  and  most  topics  treated  in  the 
psychology  of  salesmanship  have  also  the  two  aspects.  In 
fact  the  psychology  of  salesmanship  and  advertising  is  very 
largely  the  psychology  of  the  consumer,  except  for  that 
section  which  deals  with  vocational  testing  for  salesmanship, 
and  even  here  the  consumer  must  necessarily  come  into  the 
picture. 

The  psychology  of  salesmanship  is  in  fact  very  largely 
a  direct  apphcation  of  the  principles  of  general  psychology, 
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not  a  highly  specialized  branch  like  industrial  psychology. 
Recently  the  author  had  occasion  to  make  the  necessary 
arrangements  to  enable  an  American  research  student  to 
continue  the  work  he  had  been  doing  at  Columbia  University. 
He  was  working  on  the  psychology  of  salesmanship,  and  the 
piece  of  work  he  actually  did  in  Edinburgh  consisted  in  an 
investigation  of  the  superstitions  of  some  two  hundred 
students.  The  relation  to  salesmanship  at  first  seems  far- 
fetched, but  only  until  we  realize  it.  This  work  was  a  logical 
continuation  of  the  work  he  had  already  done.  It  illustrates 
with  sufficient  clearness  and  em.phasis  the  extent  to  which 
the  psychology  of  salesmanship  is  the  psychology  of  the 
consumer,  that  is,  of  the  ordinary,  everyday  human  being. 


I 


CHAPTER   XII 
CONCLUSION 

-TTT  ought  to  be  clearly  understood  that  the  applications  of 
psychology  with  which  we  have  been  dealing  do  not  by 
any  means  stand  alone.  The  psychology  of  industry  and 
commerce  is  only  one  aspect  or  direction  of  a  wider  movement, 
as  we  have  already  tried  to  show.  And  this  movement  is  a 
rapidly  developing  one.  There  is  a  great  deal  of  talk  just 
now  about  a  "  new  "  psychology.  The  reference  is  usually 
ito  Freudian  psychology.  But  the  real  new  psychology  is 
much  wider  than  the  Freudian  and  kindred  developments. 
Some  of  these  developments  may  be  "  new,"  but  they  are 
certainly  not  psychology.  Wliere  they  are  entitled  to  be 
recognized  by  that  science,  they  are  to  be  placed  side  by  side 
\nth  other  developments  no  less  significant,  and  all 
characteristic  of  the  real  new  psychology,  among  which  must 
be  included  the  applied  psychology  of  industry  and  the 
applied  psychology  of  education. 

What  is  really  characteristic  of  the  new  psychology  is  a 
changed  attitude  towards  the  facts  and  phenomena  studied. 
So  important  is  this  point,  that,  at  the  risk  of  repetition,  we 
must  once  more  draw  attention  to  it.  What  psychology 
seeks  to  study  and  understand  is  human  nature  in  the  widest 
sense,  as  manifesting  itself  in  human  behaviour.  There  are 
two  possible  standpoints  from  which  we  may  seek  to  under- 
stand human  nature.  On  the  one  hand  we  may  desire  to 
gain  some  light  on  the  nature  and  destiny  of  the  human  soul, 
and  we  study  human  behaviour  and  mental  process  \vith  that 
as  our  main  end.  The  attitude  is  a  perfectly  legitimate  one, 
and  the  end  a  very  reasonable  and  proper  end.  Such  was 
the  attitude  and  end  of  the  old  psychology.  On  the  other  hand 
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we  may  study  human  nature  and  mental  process  in  order  to 
gain  an  insight  into  human  behaviour,  and  in  order 
practically  to  control  human  behaviour  and  make  it  more 
efficient,  in  our  own  case  as  well  as  in  the  case  of  other 
people.  This  is  the  attitude  and  end  of  the  new  psychology. 
It  is  also  a  perfectly  legitimate  attitude  and  a  reasonable 
end. 

The  change  has,  however,  been  a  tremendously  significant 
one  for  psychology  itself  as  a  science.  The  scope  of  the 
science  has  widened  enormously,  and  with  the  widened  scope 
new  methods  of  study  have  been  developed  and  elaborated. 
The  science  has  also  taken  its  place  alongside  of  its  kindred 
sciences.  And  finally  the  practical  applicability  of  its  findings 
have  become  immediately  obvious.  Time  was  when  men 
regarded  a  too  close  scrutiny  of  nature  as  savouring  of  im- 
piety. There  may  be  some  now  who  regard  the  closer  scrutiny 
of  mental  process  in  the  same  hght,  or  even  perhaps  as 
sacrilege.  But  the  new  way  of  looking  at  the  world  of  material 
phenomena  has  amply  justified  itself,  as  will  the  new  way  of 
regarding  mental  phenomena  in  the  not  very  distant 
future. 

When,  in  1913,  Miinsterberg  published  his  "  Psj^^chology 
and  Industrial  Efficiency  ",  he  was  a  pioneer  in  a  new  field, 
but  he  realized  that  psychology  must  soon  come  to  its  own 
in  that  field,  though  it  is  doubtful  if  he  realized  how  soon. 
It  has  already  come  to  its  own  in  America  ;  it  is  coming  to 
its  own  on  this  side  of  the  Atlantic.  Within  the  last  few 
months  the  National  Institute  of  Industrial  Psychology, 
already  referred  to,  has  been  established,  with  the  object  of 
organizing  the  efforts  to  apply  psychology  to  industry  and 
commerce,  and  to  develop  the  work  systematically.  This  is 
one  of  the  most  interesting  and  important  movements  towards' 
reconstruction  that  has  yet  taken  shape.  Still  more  recently 
psychology  has  been  recognized  as  a  subject — classified  as  a 
science — in  the  curriculum  for  the  Degree  of  Bachelor  of 
Commerce  in  the  University  of  Edinburgh.  In  industry  and 
commerce,   therefore,   no    less    than    in    education  and  in 
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medicine,  the  value  of  the  new  psychology  for  the  practical 
needs  of  a  practical  world  is  coming  to  be  recognized. 

Hence  we  may  without  hesitation  claim  that  the  new 
psychology  has  already  made  good  in  the  two  ways  in  which  it 
is  demanded  that  a  science  should  make  good — in  the  extend- 
ing of  human  knowledge  of  the  phenomena  studied  and  of 
the  laws  in  accordance  with  which  the  phenomena  occur  in 
orderly  sequence  and  mutual  interdependence,  on  the  one 
hand,  and  in  the  practical  value  of  that  knowledge  for  human 
hfe  and  activity,  on  the  other.  If  the  omens  are  to  be  relied 
on  the  future  will  see  a  psychology  of  still  wider  scope  and  of 
still  greater  service  to  humanitj^ 
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A    FOOT-RULE    FOR    INTELLIGENCE   TESTING 

The  tests  here  given  are  not  intended  to  serve  in  any  way 
as  a  standard  scale,  but  merely  as  an  abbreviated  scale  for 
preliminary  work.  The  Binet  scale  itself  may  be  regarded 
as  of  the  nature  of  a  first  aid,  rather  than  a  scale  for  accurate 
measurement.  But  it  is  too  long  and  cumbrous  for  use  as  a 
first  aid  unless  for  cases  fairly  low  down  the  scale.  The  tests 
here  given  are  meant,  then,  to  serve  as  such  a  first  aid  for  all 
levels. 

In  using  the  tests  the  experimenter  should  start  from  the 
beginning  and  go  on  until  the  subject  fails  in  all  the  tests 
except  the  second  and  third.  In  these  cases  the  indication 
of  mental  age  is  given  at  once.  In  order  to  obtain  the 
approximate  mental  age  of  the  subject,  take  the  mean  level 
attained  in  the  six  tests. 


TEST    I.      MEMORY  SPAN    FOR   DIGITS 


Begin  with  3  digits     Corresponding  mental  age      3 


4      >. 

3  backwards 

4  .. 

6  forwards 

5  backwards 

7  forwards 

6  backwards 


4 

7 

9 

10 

12 

14 
adult 


137 
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TEST    2.        VOCABULARY 

The  simplest  way  to  test  vocabulary  is  by  using  Terman's 
list  of  words.  The  number  of  words  known  indicates  mental 
age. 

20  words  indicates  age  8 

30      „  „          „  10 

40      ,,  ,,          ,,  12 

50      „  „          „  14 

65      ,,  „          ,,  adult 


TEST    3.         PICTURE    TEST 

Simple  enumeration  of  objects  indicates  mental  age  3 
Description  ,,  ,,  ,,  7 

Interpretation  „  ,,  „  12 


TEST  4.      COMPREHENSION      OF     SITUATION. 

Comprehension  is  tested  by  an  intelligent  answer  to  the 
question  asked. 

What  ought  you  to  do  when  you  are  sleepy  ? 

What  ought  you  to  do  when  you  are  cold  ? 

What  ought  you  to  do  when  you  are  hungry  ?  Age  4 

What  ought  you  to  do  if  it  is  raining  when  you  start 
for  school  ? 
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What  ought  you  to  do  if  you  find  that  your  house  is 
on  fire  ? 

What  ought  j^ou  to  do  if  you  are  going  somewhere 

and  miss  your  train  ?  Age    6 

What  ought  you  to  do  when  you  have  broken  some- 
thing belonging  to  another  ? 

What  ought  you  to  do  when  you  notice  on  your  way 
to  school  that  you  are  in  danger  of  being  late  ? 

What  ought  you  to  do  if  a  playmate  hits  you  without 

meaning  it  ?  Age    8 

What  ought  you  to  say  when  someone  asks  your 
opinion  about  a  person  you  do  not  know  very 
well? 

What  ought  you  to  do  before  beginning  something 
very  important  ? 

Why  should  we  judge  a  person  more  by  what  he 

does  than  by  what  he  says  ?  Age  lo 

A  man  who  was  walking  in  the  woods  near  a  city 
stopped  suddenly,  very  much  frightened,  and 
then  ran  to  the  nearest  policeman  and  said  that 
he  had  just  seen  hanging  from  the  branch  of  a 
tree  a  .  .  .  what  ? 

My  neighbour  has  been  having  strange  visitors. 
First  a  doctor  came  to  his  house,  then  a  lawyer, 
and  then  a  minister.  What  do  you  think 
happened  there  ? 

An  Indian,  who  had  come  to  town  for  the  first  time, 
saw  a  white  man  riding  along  the  street.  As 
the  white  man  rode  past  the  Indian  said,  "  The 
white  man  is  lazy  ;  he  walks  sitting  down." 
What  was  the  white  man  riding  on  ?  Age  14 
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TEST    5.        DEFINITIONS 

Ability  to  name  a  key,  a  knife,  a  penny.  Age    3 

Definition  in  terms  of  use  of  :  fork,  table,  chair.  Age    5 

Definitions  superior  to  those  in  terms  of  use  of  same 
words. 

Definition    of    abstract    words :  revenge,    charity, 
justice. 

What  are  three  differences  between  a  president  and 
a  king  ? 


TEST    6.         INGENUITY    TEST 

Abihty  to  place  together  parts  of  rectangle  divided 
into  two  along  one  diagonal. 

Ball  and  field  puzzle  (Terman)  inferior  solution. 

Ability  to  tell  change  that  should  be  given  back  : 

On  buying  f ourpence-worth  of  candy  and  giving 
the  shopkeeper  a  shilling. 

On  buying  sixpence-worth  and  giving  the  shop- 
keeper a  florin. 

Healy  and  Fernald's  Form  Board  (Terman). 

Ball  and  field.     Superior  solution. 

Telling  what  time  it  would  be  if  the  hands  of  the 
clock  were  reversed  if  it  is  now  6.22. 
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You  see  this  box  ;  it  has  two  smaller  boxes  inside, 
and  each  of  these  contains  a  little  box.  How 
many  boxes  are  there  altogether  ? 

A  dairyman  had  an  eight-pint  measure  full  of  milk. 
Two  other  measures  were  in  the  shop  :  a  three- 
pint  measure  and  a  five-pint  measure.  He 
wished  to  divide  the  milk  into  two  exactly 
equal  portions  of  four  pints  each.  How  could 
he  do  that  with  the  measures  he  had  ?  Adult 
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,  Number  of,    70  f . 
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80 
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,  Size  of,  106  f. 

,  Repetition  of,  108 

Advertising,  103  ff.,  125 
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116 
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Air  Service,  35 
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American  Army  tests,  18  ff. 

Universities,  43  f. 

Analysis  of  economic  task,  29, 

34 
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Anthropologist,  13 
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Apple    packing,    78 
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— —  science,  i 
Appointments  committees,  43 
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Arithmetical  problems  test,  19, 

20 
Ash,  56,  69 
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Bachelor  of  Commerce  Degree, 
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Buying  habits,  103 

Cambridge  University,  43 
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